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+.Introduction 

EPA has published numerous guidelinesfor risk assessment that support the development of 
qualitative and quantitativeestimatesof risk to health. These guidelines are widely used and 
understood, and EPA considersthem an appropriatebasis for ranking and selecting hazardous air 
poilutants (HAPS)for the purposes of Section 112(k) of the CleanAir Act (CAA) Amendments of 
1990. This document describesEPA’s useof risk assessmenttools and information in selectingHAPS 
posing the greatest healtfi risk in urbanareas (“urban HAPS”),and a subset of urbanHAPS thatp e  
health risks as a result of emissionsfrom area sources (“area source HAPS”). 

The essence of the Agency’s model for risk assessment lies in a combination of two t)ps of 
information. The first type of information concerns the nature of adverse effects caused by a 
substance (the ‘‘hazard identification”),and specificexposure levels at which the effects occur (the 
“dose-response assessment”). This information is based on human or animal studies of high quality, 
usually obtained from scientificjournals. The second type of information concernsthe amount, or 
dose, of the substancethat receptors get from the environment. This “exposure assessment” is 
developed from actual measurements, mathematical models, or a combination of both. These two 
types of evidence--thedose that causes harm and the dose actually received-are combined in a “risk 
characterization”that describesthe potential for real-world exposureto causeham and the 
uncertainties surroundingthis potential. 

If it were possible to do SO,the selection or urban and area source HAPScould reasonablybebased on 
a quantitativenational risk assessment for all HAPS in all urban arcas. Such an assessmentwould 
include evidence of (1) doses of each HAP known to cause adverse effects (and the nature of those 
effects)and (2) estimated doses of each HAP that receptorsin urban areasmay actually receive fiom 
the environment. However, such a comprehensive risk assessment is not yet possible. The limitation 
is not that EPA does not knowhow to do a fully quantitativenationalrisk assesmnent, but rather that 
we do not yet have some of the infomation needed to do it. 

EPA’s list of H A P S  currentlycontains I88 substances and “categories” of substances. Many of these 
HAPS have not yet been subjected to toxicological testing, and existing test results for others have not 
yet been developed into dose-response assessments. Although 188W s  might seem to be a 
reasonably sized group to address,in fact it is much larger. Some HAP categories(e.g.,polycyclic 
organic matter, or POW are broadly defined, containing~~OLEWKISof individualchemical compunds 
withwidely v i q h g  toxic potential. The scientific community is working hard to collect new toxicity 
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data, and EPA and other regulatory agencies are working equally hard to develop these data into dose-
response assessments. However, given realistic research and resource constraints,the sheer size of the 
HA_p list precludes a complete understanding of HAP toxicity at this time. 

To address exposure to HAPS,we would prefer to use measured personal exposures or ambient 
concentrations from monitoring stations. However, personal monitoring data are still rare, and EPA’s 
ambient air monitoring activity focuses on criteria pollutants such as particulate matter and ozone. 
Some States and local governments f h d  and operate HAP monitoring stations,but these are based on 
the priorities of the fimding agencies. For this reason, sampling strategies,lists of substances 
monitored, and analytical methods vary substantially fiom place to place. Many W s ,  and many 
locations, are not monitored at all. Consequently,ambient monitoringinformation provides important 
but limited evidenceof exposure potential. 

EPA’s data for amountsof H A P S  emitted fiom various sources is more complete thanour ambient 
monitoring databases, but these emission data also have important limitations. EPA developed many 
of the national emissionsestimatesby applying an emission factor, or series of factors,to activity data 
thought to represent source categoriesnationally. Emission factors were developed from information 
fiom a small number of sources Within a source category, or by professionaljudgment. Applying 
emission factors and activity estimatesacross all emission sources in a source category carries 
substantial uncertainties. 

Furthemore, an emission rate does not equal an exposure. Before a receptor can be affected, the 
substances must be diluted and dispersed through the atmosphere, where some may be transformed to 
other substances or deposited before exposure occurs. To provide a more meaningfid indicator of 
exposure, emission data can be input to a dispersionmodel capable of estimating ambient 
concentrations. Although o w current national emissions inventory data do not include sufficient 
location data to support dispersionmodeling, our inventory for 1996(currently under state review) 
will support such modeling. 

For these reasons, neither the dose-response nor the exposure database cancurrently support a direct, 
quantitativenational risk assessment for HAPSin urban areas. NeverPheless, the Act requires EPA to 
select 30 or more HAPS posing the greatest threat to health and the environment in urban areas. 
Recognizingthe above hmitations, EPA is obligated to make decisionsbased on the bestavailable 
information. EPA has based its proposal on the resultsof threeseparate hazard ranking analyses of 
i d o m t i o n  concerning HAPSin urban mas. These analyses were for the most part developed 
independently,although they are by necessity based on much of the same data. They were prepared 
by threedifferent groups of scientists, although these groups communicated and exchanged ideas 
during their work. The three analyses arrived at conclusionsthat are in some ways similar,while 
varying significantly inothers. EPA has endeavored to combine the results in a way that takes 
advantage of concordance among these groups and makes reasonablejudgments in areaswhere 
opinions vary. 

2. Methods 

In f 997, EPA conducted an initial screening evaluation to develop a list of 40 candidate urban HAPS. 
The evaluationusedthree independent ranking analyses (a review of existing studies,anurban 
analysis conducted by the EPA CumulativeExposure Project team, and calculation of risk-based 
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ranlung indices). Two of these analyses are summarized briefly in Sections 2.1 and 2.2 below, and 
presented fully-g appendices to h s  document. The thrd analysis is described in detail in Section 2.3 
below. Inierested parties were invited to submit emission data to augment or replace information used 
to develop the. list of candidate HAPS.EPA also subjected the screening evaluation methodology 
ilseif to peer-review by independent experts in air toxics and risk assessment. in early 1998, EPA held 
a full-day session of the peer-review panel to discuss the methodology and underlying data. The 
reviewers evaluated all facets of the methodology and its suitability for identifyingHAPSfor the urban 
HAPS Iist, the relative value of various data sources, the availabilityof additional data sources,the 
scientific validity of assumptions, consistency across the methodology, and appropriate presentation 
formats. Reviewers provided oral comments at the meeting, and written cornmen& before and after 
the meeting. EPA substantidlyrevised the W selection methodology in response to the reviewers’ 
comments, 

�PA also received comments from the public in response to our publication of the draFt list of urban 
HAPS [I]. Consideration of issues raised by some commentors led us to modify certain aspects of 
both the identification methodology and the underlying data inputs. None of these changes, described 
in the sections below, conflicted with recommendations made earlier by the 1998peer review panel. 

In finalizingthe HAP selection methodology, EPA also took the opportunity to update once againall 
data on emissions, ambient concentrations, health effects, and bioaccumulation potential to ensure that 
the selection process has relied on the most recent available information. Nevertheless,tt is important 
to realize that the methodology is based on databasesthat are far from complete, and that contain 
informationof widely varying quality. EPA believes that this information is the best availablefor tkis 
purpose, and that basing its ranking on these data is reasonable. However, readers must keep inmind 
that substantial uncertainty surrounds this analysis. Results should be considered only relative 
estimates of potential hazard of various HAPS,and not c o r n e d  asquantitativeestimates of actual 
risks. 

2.1 Review of Existing Studies 

The fust analysis of HAPSinurban areas,prepared by anEPA contractor, reviewed twenty-three 
existing studies of exposure, risk, or hazard associated with HAPS. These studies were conducted 
during recent years by EPA, state agencies, and others. Ofthese original twenty-three, fourteen 
srudies were deemed appropriatefor comparative ranking of HAPS. (Six assessmentswere dropped 
&om consideration because they were conducted partly or entirely in rural locations, and tbree more 
were omitted because they covered fewer thanten HAPS.) Hazard ranking scores(e.g.,quantitative 
risk estimates, percent contributionto risk, ranks) from each study were normalized to the same scale, 
thenaggregated to make a combined total score for each HAP. Carcinogensand noncareinogens 
were rankedseparately. Separate analyses were done for all sourcescombined (ie.,major, area,and 
mobile sowces), and for area sources alone. The combined analysiswas the oneused in the HAP 
selectionprocess. HAPS that ranked above obvious breakpoints in the fiequency distribution graphs 
from each ofthe four analyses were assigned highest priority. The 1 1 1  analysis of existing studies iS 
presented inAppendix A. 

2.2 Cumulative ExposureProject UrbanAnalysis 

The second HAP I-anking analysiswas performed aspart of the Cumulative Expsure Project (CEP) 
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conducted by the EP.4 Ofice of Policy, Planning and Evaluation. The CEP urban analysis compared 
modeled yearly average ambient concentrations of H A P S  in urban areas for 148 HAPs against risk-
based concentrathis (RBCs, termed "health benchmarks" by the authors) at the census tract level. A 
long-term Gaussian dispersion modeling approach was used, with emission rates drawn from the 
Toxics Release Inventory and other EPA databases, addressing major, area, and mobile sources. In 
the original analysis prepared by the CEP team, contributions from distant emissions of persistent 
poilutants and fiom non-anthropogenic sources were addressed with background values drawnfrom 
measurements in remote locations. The CEP compared these estimated ambient concentrations to 
RBCs corresponding to: (1) a one in a million upper bound lifetime cancer risk (assuming continuous 
exposure for 70 years), or (2) a concentrationconsidered to have no significantrisk of adverse non
cancer effects in continuously exposed populations'. HAPS were ranked according to the number of 
urban census tracts inwhich the modeled concentration %as above the FU3C. HAPS estimated to 
exceed their respectwe RBC in 50 or more urban census tracts were marked for consideration asurban 
H A P S .  

Following the September 14, 1998 proposal on the draft integrated strategy for urban air toxics, EPA 
received-numerouscomments objectingto the CEP's use of (I) background concentrations in the 
HAP selection process, and (2) outdated RBCs for specific substances. To address thesecomments, 
we compared predicted ambient concentrations(omittingbackground) for specific HAPs withour 
current RBCs. Theserecalculations were done only for HAPS to which a background concentration 
was assigned in the original CEP analysis, or for which an RBC had changed. 

The original CEP analysis is presented in Appendix �3, and the recalculated results are presented in 
Appendix C. 

2.3 Risk-Related Ranking Analysis 
The third relative hazard analysis, prepared by EPA staff, ranked HAPS by combining surrogates for 

toxicity and exposure into ranking indices. The surrogates for toxicity were the risk-based 

concentration (RBC) for inhalation or the risk-based dose (RBD) for ingestion. For effects other than 

cancer, the RBC or RBD represented an exposure considered to have no significant risk of adverse 

non-cancer effects. For carcinogenicHAPs, RBCs or RBDs represented exposuresassociated with 

fixed levels of upper-bund predicted lifetime cancer risk. Two sets of RBCs and RBDs for 

carcinogens were calculated, the firstat a one in ten thousand risk level and the second at one in one 

million. Surrogatesfor exposure included measured ambient concentrations, and emission rates from 

area, major, and mobile sources. Seven separate ranking indices were calculated, then combined into 

a single ranking. The risk-related rankingindices, and the process by which they were combined with 

resultsof the review of existing studiesand theCEP analysis, are described below. The lists of urban 

HAPS and area source HAPS were developed fiomthe results of all three analyses by considering (1) 

how many of the analyses identified the HAP and (2) the contribution of emissionsfiom area sources. 


2.3.1 Surrogates for Toxicity 

Toxicity information llsedin the risk-related ranking analysis consisted of dose-responseassessments 
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developed by various regulatory agencies for protection of human health. A wide variety of these 
assessmentswere incorporated, many of which were performed at different times, intended for 
different purp03es. and subjected to varying levels of review. EPA believes this to be defensible 
prxtice for the purpose of selecting urban and area source HAPS,because the alternative to using 
potentially inconsistentdose-response information from non-EPA sources would be a defacro 
assumptionof zero toxic potential for some substances. This practice would create false negatives 
that EPA considers unacceptable in this context. 

All 189 HAPSonginally listed under Section 112@) of the C A M  (with the exception of 
radionuciides, asbestos, and fine mineral fibers)were carried through the index calculations. The 
remaining 186 substancesand substancecategorieswere included in the detailed calculations, even 
those that lacked doseresponse,emission,or ambient data,and for which no indices could be 
calculated. (Caprolactam, recently deleted fiornthe list of HAPS,was also included in the 
calculations.) EPA believes that this fi l l  presentation will allow readersto see data gaps more clearly, 
and may serve as a guide for future efforts to upgrade data collection for the air toxics program. 

Dose-response assessmentsfor health effectsof HAPSwere obtained from various sources, and 
prioritized according to (I) applicability,(2) conceptual consistency with EPA risk assessment 
guidance, and (3) level of review received. The following dose-responseassessment sources were 
used in this analysis. 

2.3.1 .$ US Environmental Protection Agency (EPA) 

EPA has developed chronic dose-responseassessments for many of the HAPS. These assessments 
typically specify a reference concentration (to protect against effects other thancancer) arid a unit risk 
(to estimate the probability of contracting cancer). A reference concentration(RE)  is an estimate 
(with uncertainty spanningperhaps an order of magnitude) of a continuous inhalation exposure to the 
human population (induding sensitive subgroups) likely to be without an appreciable risk of 
deleterious non-cancer effects during a lifetime. The unit risk (vR> is the upper bound excess lifetime 
probability of contracting cancer per microgram of HAP per cubic meter of air,assuming constant 
inhalation exposure over a lifetime. 

EPA also publishes analogous dose-responsevalues for oral exposure, called the reference dose (RfD) 
and carcinogenicpotency slope (CPS). The RfD is an estimate (With uncertahty spanning perhaps an 
order of magnimde) ofa daily oral exposure to the human population (including sensitive subgroups) 
likely to be without an appreciablerisk of deleteriouseffectsduring a lifetime. The CPS is the upper 
bound excess lifetime risk of contractingcancer per milligram of HAP per kilogrambody weight per 
day, assuming constant oral exposure over a lifetime. 

In assessing a substance’s carcinogenicpotential, EPA evaluatesvarious types of toxicological data 
and develops a “weight-of-evidence” determination. EPA’s present weight-of-evidence categoriesare 
Group A (carcinogenicin humans), Group B (probably carcinogenic), Group C (possibly 
carcinogenic), Group D (not classifiable), and Group E @robabIy not carcinogenic). EPA is in the 
process of changing to a text-based descriptive weight-of-evidence procedure that is less categorical, 
but few EPA assessments reflectthis change so far. 

EPA dissemhtes dose-response assessmentinfomation in several forms, based on the level of 
internal review. EPA publishes dose-response assessments that have achieved fuuintra-agency 
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consensus on its Integrated Risk Information System (IRIS)[Z]. Assessments prepared by the EPA 
Office of Research and Development (ORD), but that have not been approved by all EPA program 
offices, are oftenpublished by ORD as individual health effectsassessment documents. The results of 
many such assessments have been assembled in EPA’s Health Effects Assessment Summary Tables 
CflEAST)[3]. EPA updates “EAST regularly. 

2.3.1.2 Agency for Toxic Substancesand Disease Registry (ATSDR) 

ATSDR, which is part of the US Department of Health and Human Services?regularly publishes 
Health Guidelines Comparison Values (CVs) for many toxic substances. ATSDR describes CVs as 
media-specific concentrations to be used by health assessors to select environmental contaminants for 
M e r  evaluation. They arepresented withonly 1 significant figure, and are considered 
concentrations below which contaminants are unlikely to pose a health threat. Concentrations above a 
CV do not necessarily represent a threag and CVs aretherefore not intended for useaspredictors of 
adverse health effectsor for setting cleanup levels. 

For this analysis, the ATSDR CV of choice was the minimum risk level (MRL). An MRL is an 
estimate of daily human exposure to a substance that is likely to be without an appreciable risk of 
adverse effects (other thancancer) over a specified duration of exposure. MRLs can be derived for 
acute, intermediate, and chronic duration exposures by the inhalation and oral routes. MRLs were 
chosen for use in this HAP analysis because their concept, def~t ion ,and derivation are 
philosophically consistent (though not identical) with the ba& for EPA’s RfC and RfD. 

ATSDR publishes MRLs as-partof toxicological profile documents, one per substance. MRLs are 
also collected in a table of CVs [4], regularly updated and distributed by ATSDR. 

2.3.1.3 Caiifomia Environmental Protection Agency (CalEPA). 

The CalEPA Air Resources Board has developed dose-response assessments for many HAPS,based 
both on carcinogenicity, and health effects other than cancer r e d i n g  from chronic and acute 
exposure. 

The non-cancer information includes available inhalation health risk guidance values developed by 
USEPA or CalEPA, expressed as acute or chronic reference exposure levels (RELs). CalEPA defines 
the REL as a concentration level or dose at (or below) which no health effects areanticipated. 
Becausethis concept is substantially similarto EPA’s non-cancer dose-responsevalues,this analysis 
hasused chronic RELs in the Same way as RtT=sand RfDs. 

CalEPA’s quantitative dose-response information on carcinogenicity by inhalation exposure is 
expressed in terms of theunit risk, defined similarly to EPA’s unit risk. This analysis has used 
specific CalEPA URs in the Same way asEPA’s URs. 

2.3.1.4 National Advisory Committee for Acute Exposure Guideline Levels (NAC) 

USEPA’s office of Prevention, Pesticides and ToxicSubstances established the NAC in 1995 to 
deveIop Acute ExposureGuideline Levels (AEGLs) and supplementary information on hazardous 
substances for federal, state, and 1 4  agenciesand organizationsin the private sector concerned with 
emergency planning, prevention, and response. The NAUAEGL Committee is a discretionary 
Federal advisorycommittee that combines the efforts of stakeholders h m  the public and private 
sect~rsto promoteefficiency and u t i lk  sound science. 
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1 The NAC published an initial priority list of 85 chemicals for AEGL development in May 1997 and 
proposed AEGLs for 12 substances in October 1997 [jl. The AEGLs for a substance take the form of 
a matrix, With separate ambient levels for mild, moderate, and severe eRects. Each of these three 
effect Ievefs are provided for asmany as four different exposure periods, typically 0.5,1,4, and 8 
hours. Although still under pubtic review, those proposed AEGLs for which substantial issues have 
not been in public comment have been considered in this analysis. AEGL values used for the H A P  
ranking analysis were 1-hour concentrationsfor the mildest available effect level. 

2.3.1.5 International Agency for Research on Cancer (IARC) 

The InternationalAgency for Research on Cancer (IARC)was established in 1965by the World 
Health Organization. IARC’s mission is to coordinate and conduct research on the causes of human 
cancer, and to develop scientific strategies for cancer control. The Agency sponsorsboth 
epidemiological and laboratory research, and disseminatesscientific informationthough meetings, 
publications, cotuses and fellowships. 

As part of its mission, the IARCassembles evidencethat substances cause cancer in humans and 
issuesjudgments on the strengthof evidence. LARC’s weight-of-evidence categories are Group 1 
(carcinogenic in humans), Group 2A @robably carcinogenic), Group 2B (possibly carcinogenic), 
Group 3 (not classifiable), and Group 4 (probably not carcinogenic). The‘rankingsmay be applied to 
either single chemicals or mixtures. 

IARC’s weight-of-evidence for HAPShave been included in the supporting information of this 
analysis as a backup to EPA’s weight-of-evidence determinations,which do not cover all HAPSand 
in some cases may be out of date. 

2.3.1.6 American Industrial HygieneAssociation (AIHA) 

AIHA has developed emergency response planning guidelines(EWGs) for acute exposuresat three 
different levels of seventy of health effects [6]. These guidelinesrepresent concentrations for 
exposure ofthe general population for up to 1 hour associated with effects expected to be mild or 
transient (ERGP-I), irreversible or serious (ERPG-2), and potentially life-threateningor lethal 
(ERPG-3). ERPG values used for the H A P  ranking analysis were for the mildest available effect 
level. 

2.3.1.7 National Institute for Occupational Safety and Health (NIOSH) 

As part of its mission to study and protect worker health, NOSH determinesconcentrationsof 
substancesthat are immediately dangerousto life or health (IDLHs). IDLHs were originally 
determined for 387 substancesin the mid-1970’saspart of the Standards Completion f r o m  (SCP), 
a joint project by MOSH and the Occupational safety and Health Administration(OSHA), for use in 
assigningrespiratory protection equipment. NOSH is currently evaluatingthe scientific adequacy of 
the criteria and procedures used during the SCP for establishing IDLHs. In the interim, the IDLHs 
have k e n  reviewed and, (if appropriate)revised. NOSHmaintab an on-line database [7] of 
IDLHs, includingthe basis and references for both the current and original IDLHvalues (as 
paraphrased from the SCP drafttechnical standards). For this KAP ranking, IDLHvalues were 
divided by 10 to more closely match the mild-effect levels developed by other sources, consistentwith 
methodology used to develop levels of concern under Title IU of the Superfund Amendments and 
ReauthorizationAct [8]. 
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2.3.1.8 Prioritization of Sources 

The risk-related r d n g  analysis relied on separate dose-response assessments for inhalation and oral 
exposure. InhalGion RBCs were developed for chronic and acute time scales, but oral RBDs were 
developed only for chronic exposure. 

Some HAPS have been subjected to dose-response assessments by several of the regulatory agencies 
used as sources for this analysis. Because these assessments were done by different agencies at 
differenttimes, for purposes which were similar but not identical, it is inevitable that results will not 
be totally consistent. To resolve inter-agency discrepancies for this analysis, EPA applied a consistent 
priority scheme to the universe of dose-response information. 

NCs and URs for chronic inhalation exposure obtained from EPA's IRISdatabasewere given first 
priority. For HAPS lacking INS data,ATSDR MRLs for effects other thancancer received next 
preference, followed by W s  and URs published in EPA's EAST,  then by CalEPA RELS and URs. 
Sources for oral RBDs were prioritized in the same order used for chronic inhalation RBCs. 

For carcinogenk HAPShaving no chronic inhalation assessments from any of these sources,oral 
CPSSwere converted to URs to simulate inhalation exposure. Oral-to-inhalation conversion was not 
done for non-carchogenic HAPs. EPA understandsthat conversion of oral dose-responseinfomation 
to inhalation exposure is not optimal risk assessment practice. However, the alternative to this is to 
ornit such HAPs from the analysisaltogether, based on a defucto assumption of zero toxicity. EPA 
regards this alternative as unacceptable for the purposes of urban H A P  selection. This procedure . 
carries some risk of inappropriate rankings for some HAPS. 

No-effect (or mhknal-effect) concentrations for acute exposure were takenfirstfrom the proposed 
NAC AEGLs (using the 1-hour concentration for the mildest severity level), then CalEPA acute 
RELs, next the AIHA ERPG (at the mildest severity), followed by the MOSH IDLH (divided by 10). 
ATSDR acute bf!?LS were the source of last resort because they arebased on 15-day exposure periods 
and no-adverse-effect levels, a derivation that should produce results that are fbndamentally more 
protective thanacute values fiom the other sources. 

2.3.1.9 Assumptions on Speciation and Other Adjustments to Dose-Response Information 

Following the pnonhation of dose-response information, the following revisions and decisions were 
made, based onprofessional judgment: 

1 .  	 1,3-Butadiene. OnApril 29,1999, EPA's Office of Research and Development infonned the 
~Office of Air Quality P ~ and Standardsg via memo that the UR for I ,>butadiene currently 

on IRIS (2.8e-4 wm3]")  was no longer suppomble. The memo recommended an interim UR 
(2.08e-6 ~Uglm']'') that was morethan two orders of magnitude lower (Le.,less potent). Although 
it was too late to revisethe tables and index calculations supporting the rankingto reflect this 
change, we confirmed that the status of lY3-butadieneasanurbanHAP would be unaffected by 
the revised UR. 

2. Chromium. For ~ h m i u mVI cornpun& the IRIS RfC for C r O  particulates was used in 
preference to the RfT:for chromic acid mists and dissolved Cr(VI) aerosols. 

3. Chlorine. Emissions of chlorine gas undergo a complex series of reactionsin the atmosphere that 
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rapidly deplete the parent compound. Although this analysis was not able to consider the intricate 
chemistry ofatmospheric chlorine,it was necessary at least to consider the lack of persistence of 
parent GI, g&. For h s  reason, the IRIS RX:for hydrogen chloride was also used to represent 
emissionsof CI,,which othenvise would have been over-represented in the ranking. 

4. 	 Cobalf. Cobalt emissions exist mostly as oxide, but the CalEPA REL and the ATSDR MFL are 
based on cobalt sulfate heptahydrate aerosol. These dose-responsevalues were deemed not to 
match the environmental data, and were dropped. 

5 .  	 Z,CDichlorobenzene. In response to public comments, EPA reviewed the toxicological databases 
for compounds that EPA has designated as class “C” carcinogens, and for which U k  are 
available. Data for one of these compounds, lY4-dichlorobenzene@-DCB),indicate that (1) 
metabolic activation is probably necessary for tumor formation, (2) humans metabolize pDCB 
much more slowly than do mice (in which m o r s  were observed), and (3) normaldetoxification 
mechanisms effectivelyremove low levels of carcinogenicpDCB metabolites such ashumans 
mightproduce. Because of these uncertainties thisanalysis did not use a UR for p-DCB. 
Available URs for other class “C” carcinogens were retained. 

6.  	Glycul Erhers. Five different glycol ether compoundshad available dose-response assessments 
that provided recommended RfCs or equivalent levels. The lowest of these (i.e., the most 
protective) was applied to the entire category. 

7. 	 Lead For lead and compounds, the CalEPAURwas used for carcinogeniceffects and the EPA 
national ambient air quality standard was used in lieu of anRfC for non-cancer effects. 

8. Mercmy. The IRISRK for elemental mercury was applied to inhalation of mercury and 
compounds, based on the finding of EPA’s Mercury Report [9] that the dominant form of 
mercury in the atmosphere is elemental (although divalent Hg may exist near some sources.) The 
IRIS RfD for methyl mercury was used for food chain calculations, to reflect that compound’s 
bioaccumulationpotential. 

9. 	 Nickel. The IRIS unit risk for nickel inhalation wasbased on carcinogenic effectsof insoluble 
nickel compounds in crystalline form. Solublenickel species, and insoluble species in amorphous 
form, do not appear to produce genotoxic effects by the same mechanism as insoluble crystalline 
nickel. Available nickel speciation information for someof the largestnickelemitting sources 
(including oil combustion,coal combustion,and others) suggests that at least 35% or more of total 
nickel emissions are soluble compounds. Ofthe insoluble nickel emissions, 17% is thought to be 
oxides, 3% or moredfidic,and the rest is unknown. Based on these data, thisanalysishas 
assumed that 50% of emitted nickel is insoluble, and that 50% of insoluble nickel is crystdine. 
On this basis, the UR for nickel subsulfide (representingpure insoluble crystallinenickel) was 
divided by 4 and applied to all nickel compounds. 

10. Phosphorus. Dose-responseassessment values for white phosphorus, which can exist only 
momentarily in the presence of oxygen, were deemed inappropriateto apply to phosphorus 
emission or monitoring data,and were dropped 

11. Pot‘ycyck otganic ~ a t t e r .The analysisused a p u p  of 7 carcinogenic PAHcompounds 
(benz[aJanthracene,benzofo]fluomthene, bem[klfluoranthene, benzo[aJpyrene, chrysene, 
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dibenz[ah]anthracene,and indene[1,2,3-cd]pyrene)to represent the entire polycyclic organic 
matter (POM) HAP category. A weighted UR of 3.3e-4 (ug/m3)'was developed for these 
carcinogeniFPAHcompounds tracked as a group by EPA's National Toxics Inventory (described 
below). The UR was based on a combination of compound-specificUR values [ I  01, and the 
inventory emissions for each of the compounds. 

12. Selenium. The CalEPA chronic REL for hydrogen selenide was deemed inappropriate to apply to 
all selenium compounds, based on ATSDRs judgment [ZI] that fossil fuel combustion is the 
primary source of atmospheric Se, which is emitted predominantly as SeO,. No inhaiation RBC 
was used. 

13. Vinyl Chloride. The IRIS URfor vinyl chloride is also currently under review. Although this 
analysis uses the older URcurrently on IRIS, we confirmed that the status of vinyl chloride asan 
urban HAP would not be affected by the draftreassessment. 

The complete set of regulatory dose-response information used in the risk-related ranking analysis is 
presented in Table 1, together with the EPA and IARC weight-of-evidencedeterminationsfor 
carcinogenicity and the source of each regulatory value. AU HAPS (plus caprolactam) appear in this 
table, with blanks showing where dose-response assessments were not available. Ranking indices 
could not be calculated for these substances. 

2.3.1 .l0 DevelopmentofRisk-Based Concentrations (RBCs) and Risk-Based Doses (RSDs) 
RT3Cs (121 and REDSare a simple device by which dose-response information for cancer and non
cancer effects can be reducedto a single typeof ir&ormation-an ambient airconcentration (or oral 
dose) of a substance that defines an insignificanthealth risk over a specified exposure period. 
Concentrationsor doses lower thanthe RBC/RBD can usually be ignored. Higher concentrations or 
doses do not necessdy equate to a significantthreat, but may deserve a closer look. 

RBCs and RBDs are products of risk assessments run in reverse. M e a d  of beginning with 
environmental concentrations and applying an exposure scenario to calculate a risk, the risk assessor 
beginsWith a fixed level of risk and inverts the calculations to determine the environmental 
concentration of a substance that will produce i t  Such inverted calculations, when performed in 
accordanceWith =A's national risk assessment guidelines, are no less valid thanthe usual forward 
computation of risk. The selection of a fixed risk level, however, may appear to imply a policy choice 
that is not intended. 

For non-cancer effkzts,the RBC/RBD was simply the reference concentration or referencedose (or 
similarvalue from amther source). For non-threshold carcinogens,the R B W D  was based on a 
fixed, nonzero level ofrisk seIected to reflect the range of risk levels that EPA generally uses in risk
based decision-making. For example, a maximum individual risk for cancer of 1 in 10,000 (1e-4) is 
generally the upper end of the range of acceptability. However, in risk-based decision-makingEPA 
also may attempt to reduce excess individual cancer risks below 1 in 1 million (1e-6) for the greakst 
possible number of peqde. This range of risk targets is not absolute, however. Each risk reduction 
decision is tailored to itsspecific situation,taking intoaccount additional fmors such as the number 
of people affected,typeof cancer,uncertainty in the assessment, costsof controls, ecommic impacts, 
technical feasibility, legal requirements, and public acceptanceof various levels of risk. Thus,some 
risk management decisionsmay fall outside the 1e 4  to 1e-6 risk range. 

10 
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In selecting WSfor the urban strategy, it was necessary to combine scoring for carcinogenic HAPs 
(based on R.BC/R8Ds calculated to a risk range) with that for non-carcinogenic HAPs (based on 
Rf3CiRfJDs calculated at exposure levefs below the threshold for adverse effects).Tlus was 
accomplished by calculating two sets of chronic RBCMDs, called “case 1” and “case 2”. The case 1 
concentration or dose was that yielding a 1e-6 upper-bound lifetime cancer risk, or the RfC for chronic 
non-cancer effects, whjcheva was lower, The case 2 concentration or dose represented a 1e-4 upper-
bound lifetime cancer risk, or the Rfc,whichever was lower. For HAPs having only a UR and no 
Rflz,there was a 100-fold differencebetween case 1 and case 2. For HAPS having only an RfC and 
no UR, case 1 and case 2 were identical. For HAPS withboth a UR and Rfc,case 1 was often 
(though not always) based on cancer and case2 on non-cancer effects. 

Exposure assumptions were deliberately kept simple and minimal. Inhalation RBCs for chronic 
exposure were based on an assumption of continuous iifetime exposure. inhalation RBCs for acute 
exposure were based on episodic 1-hour exposures withenough recovery time between exposuresto 
preclude Iingering adverse effects. RBDs for chronic oral exposure, expressed as mg of HAP ingested 
per kg of body mass per day (mg/kg/d), were used directly without exposure assumptions. RBCs and 
RBDs for case 1 and w e  2 are presented in Table 2. 

EPA recognizes that actual exposures to HAPs are far more complex, and that thesemhirnalist 
exposure scenarios, if used for quantitativerisk assessment, could produce misleading results. 
Readers are remindedthat this analysis is not intended to quantify absolute levels ofrisk, but rather to 
rank HAPs according to relative hazard. Applying a more detailed and realistic exposue assessment 
to this analysis wouid drastically increase the complexity of the rankinganalysis, but whether this 
additional complexity would greatly alter the overall list of priority WAPs is unclear. 

2.3.1 ,q 1 Uncertainties in Use of Dose-Response Surrogates 
2.3.1 .ll.lCarcinogens 

EPA’s methods for deriving URs and oral potency dopes were intentionally designed to avoid 

underestimation of cancer risk. This protectiveness was incorporated into several steps of the process. 

First, potency estimates for mostHAPSwere based on a mathematical model (he linearized 

multistage model) that assumes a straight-linedose-response all the way &om administered doses in 

animals to zero dose. In e f f q  the model predicts that any dose of a carcinogen, however small, 

caries some minute lifetime cancer risk. EPA uses this model as its protective default in the absence 
of information supportinga different model for a substance. Use of other less conservativemodels 
would produce lower ranks for many carcinogens relative to non-carcinogens. 

Carcinogenic potency estimates for many HAPS ais0 incorporate protective extrapolationsfi0-mtest 
animals to humans, based on relative surface area (assumed to be the0.67 power of body mass)asa 
sunogate �or metabolic rate. It can atso be argued, for example, that animaldatacanbe converted to 
human equivalence using body m a s  itself (i.e., the 1.Opower of body mass), which is less protective. 
EPA itself is changing to a convnsion based on relative basalmetabolic rate (assumed to be the 0.75 
power of body mass). Use of a higherpower of body mass wouldproduce lower ranks for 
carcinogens relative to non-can$nogens. 

Third, carcinogenic potency estimates for mostHAPS are 95% upperconfidence limits rather than 
bestestimates. The true potencies may be less, but areunlikely to be greater. 
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2.3.1 .I1.2 Non-carcinqens 

RfCs and oral RfDs define continuous lifetime exposures, with uncertainty spanning perhaps an order 

of magnitude, tha EPA expects to be safe for human populations. RfCs and REDSoften must be 
based on limited data, and may be well below the actual human threshold for adverse effects, for two 
reasons. First, EPA favors the most sensitive species and the adverse effect to that species which 
occurs at the lowest dose. Although extrapolations from animals to humans are based on the best 
available data,in some cases EPA assumes that humans may be up to ten times more sensitivethan 
the tested species, and that sensitive humans may be up to ten times more sensitive than the average 
human. These assumptions, designed to give the benefit of uncertainty to the exposed public, may 
produce RKs andRtDs that are well below the truehuman adverseeffectthresholds for some HAPS. 

Second, EPA has based some R K s and RfDs on the no observed adverse effect level (NOAEL). The 

NOAEL is the highest dose at which test animals did not exhibit adverse effects relative to controls. 

Because most toXicological studies are designed withconsiderable gaps between test doses, the tme 

threshold for adverse effectsm y  be SubstantialIyhigher thanthe experimentalNOAEL.Use of the 

NOAEL instead of the true threshold for effects provides an additional level of protectiveness in 

reference doses. 


2.3.1.1 1.3 Adaptation of Oral Dose-Response Assessmentsto Inhalation 

Additiod uricei-tabv was introduced for 15 carcinogenic HAPS and HAP categories (out of the total 

138) that lacked dose-responseassessments for inhalation, but had ora! values. For these HAPS,EPA 

judged that a converted oral value was preferable to the alternative defocto assumption of zero 

carcinogenicpotential. Conversion from oral to inhaled exposure was based on anassumed body 

mass of 70 kg and inhalation rate of 20 rn3/d. No adjustment was applied to account for differencesin 

absorption through the GI tractand the lung, or for possible direct adverse effects to the lung. There is 

no way of knowing if ‘‘quasi”W s  and URs derived by oral-to-inhalation conversionsare more or 

less protdve than fdy-developed ones. 


2.3.1 ,I1A Prion’tiuing Dose-Response Assessments 

While dose-response assessments developed by EPA, ATSDR, CalEPA, and othersshare 

substantidly the Same purpose and philosophy, thesefactors arenot identical. If EPA were to develop 

a complete set of Rf7z.sand URs for all HAPS,it is possible that some would be significantly different 

than the non-EPA values actually used. 


CalEPA hasproposed URS for six HAPSor HAP categoriesthat lack both anEPA and IARC weight

of-evidence determination. This ranking analysis hasused theseURs. Leaving themout would move 

these substances lower htheranking,and would eliminate some entirely. Use of thesesix URSin 

thisanalysis does not constitutea recommendation by EPA that they are necessarily appropriate to use 

in quantitativerisk assessments. 


Thisanalysis used a somewhat different prioritizationscheme thandid the EPA Cumulative Exposure 

Project (CEP). “he major differenceswere that the CEP (1) did not use EPA Superfirnd Technical 

Support values at aI1, (2) did not extrapolate h m  oral to inhalation exposure for nonc;ucinogens, (3) 

usedolder CalEPA assessments, and (4) included assessments h m  unpublished 1994 draftEPA 

guidancefor determinhg de minimis risk levels. 


In assessing acute hazards, the CEP divided SARA LOCs by a factor of 1OOO to simulate no-effect 
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levels, whereas the risk-related ranking analysis used ATSDR acute RELs, followed by NAC AEGLs, 
). with unaltered Lots serving only as a last resort. As a result of its treatment of LOCs (and their 

subsequent comparison to yearly average concentrations, rather than short-term averages) the CEP 
produced more protective acute results for some HAPSthan did the risk-relatedranking indices. EPA 
has determined that the outcome of the analysis-the proposed list of 30 substances-was not 
influenced by the CEP’s high level of protectiveness for acute effects. 

These differences in assessment prioritization resulted partly from the fact that the CEP had somewhat 
different goals thandid the present analysis. Mostly, however, these variations arose fiom the fact that 
there is no clear “best” way to prioritize dose-response assessments. Two groups of scientists 
independently addressed a fuzzy issue, and arrived at somewhat different answers.EPA believes that 
the H A P  selectionprocess will be strengthened, ratherthanweakened, by thisdichotomy of opinion. 

2.3.2 Surrogates for Exposure 
The second major part of the HAP ranking indices (the firstpart being the dose-responsedata 
described in the previous section) was informationon exposure. Actual datadescribing human 
exposure to HAPS are limited, and lack the comprehensive geogmphh, temporal, and mufti-
contaminant coverage that thisranking exercise requires. Therefore,EPA chose to base the ranking 
on exposure s u r r o g a t e d t a  related to, but not identical with,exposure. The two typesof exposure 
surrogateschosen were (11long- and short-term ambient akquality measurements in urban areas, and 
(2) estimated annualmasses of HAPS released in urbanareasby major, area,and mobile sources. 

2.3.2.1 Measured ConcentrationData 
The ambient air quality dataset used in this analysiswas crated by combining ail available 
monitoring data &om EPA’s Aerornetric Information Retrieval System (AIRS) and Toxics Data 
Archive (9130198 version) databases �or the 188 compounds defined in the Clean Air Act ashazardous 
air pollutants. The analysis was restricted to data collected in urban areas&om 1988through 1997. 
Data were expressed in unitsof microgmm per cubic meter (i%/m3). Concentrationdatathatwere 
below the minimumdetection limit (MLIL) were replaced by % the MDL before averaging. When the 
rvfDL was missing,the lowest reported value was assumed a plausible value for the MDL. 

For input to the chronic exposure indices, selected ambient airquality datawere k t  averaged 
arithmeticallyfor each combination of day, HAP,  and monitoring site. Annual averages were then 
calculated from the daily averages. Data were selected for inclusionwhere (1) short-term 
measurements for at least75% of the hours in a day, and (2) daily averages for at least 75% of the 
days in a year, were available. ?he expected number of daily measurements correspoading to 100% 
completenesswas estimatedby determining the frequency distributionof sampling intervals (days) 
and dividing 365 by the mode of the disttibution. 

Annualaverage concentrations fiom 1988to 1997for each site-pollutant combination were next 
averaged across y m .  Finafly, the resulting multi-year average concentrationswere averaged across 
monitoring sites into a single long-term mdticity average concentration for each HAP for which data 
met the selectioncriteria The criterion for multiyear statistics was 75% completenessfor 75% of the 
years. HAPSfor which more than9oo/o ofreported resultswere below theMDL were dropped from 
the analysis. Ambient data for individual compounds in the “7-PAH” group (ie., bea$a]anthracene, 
benzo[a]fluorantbene, km&]fluomthme, benzn[a]pyrene, chrysene, di&r~$a,h]anthracem, and 
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indeno(1,2,3-cd)pyrene)were summed and entered on the 7-PAH line. 

To simulate acute exposure for each HAP,the 95* percentile of the original dataset was selected. 
EPA judged that this concentrationrepresented a reasonable maximum short-term exposure,while 
avoiding potential problems with outliers that could result if higher percentiles were used. 

The ambient concentrationdata used in the ranking analysis are presented in Table 3. All HAPS were 
included in the table, with missing ambient concentration data shown as blanks. Ranking indices 
based on ambient concentrationscould not be calculated for these substances lacking these data 

2.3.2.2 Emission Mass Data 

The second typeof data used in this rankinganalysis as a surrogate for exposure were estimated 
emitted masses of individual HAPS.These datawere obtained fiom s e v d  EPA emission data 
sources, for the period from 1990 to 1993 (the “baseline year” for measuring risk reductions). Data 
were retrieved for counties that contained a metropolitan statistical area (MSA) of 250,000 people 
(“urban-1’3, or (for counties lacking an MSA of 25O,OOO) a population designated asmore than 50% 
urbanby the Bureau of Census (“urban-2”). Data for countiesclassified as ‘‘rural” were excluded. 
Retrievalscontained emissions fiom all types of sources, includingmajor,areq and mobile sources. 

Emissiondata were retrieved &om the four sources described in Exhibit 1, below. 

Exhibit 1. Emission data sources used in HAP ranking analysis, inorder of preference. Data from 
lower-priority Sources were used only if informationfrom a higher-prioritysource was not available. 

Inventory Data Date HAP Estimates Used in Comments 
Source Available Urban Analyses 

1. 1990Emissions March - 40 candidate urban - Best source for 40KAP emissions, 
Inventory of Forty 1999 H A P S  estimation technique 
Potential Section - National level emissions documentation, u r b a n / d  splits 
1I2(k) Pollutants split into urbdrural and definitions 
1131 county designations - Publicly available. 

2. Updated - Most recent data set for these 2 

inventory for two were updated from the H A P S  

section 112(c)(6) 4/97112(cX6)inventory - Not documented orpublicly
- U W r u r a I  splits not available 

included in database, but - Changesprimarily reflectnew data 
developed by EPA from MACT standard development
conpactor for this 
analysis. 

3. 1993”l-l February - 188 individual HAPS - Most recent compiled data set for 
version 9801 1999 and category totals HAPS not in 40-HAPinventory or 

- U W m l  splits not 112(c)(6) update. 
included in database, but - Publicly available onCD by written 
developed by EPA staff request.
for this analysis. 

October I - Any included speciated - Onlv cornDiled data for individual I 
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''. 1 Inventory Data Date HAP Estimates Used in Comments 

I
Source ... Available Urban Analyses 

version 9702 [15] 1997 	 HAPS (e.g., individual species within HAP categories. 
POM compounds) - Individual species estimates are 

-	 Urbdrural splits not artifacts of primary data sources 
included in database,but (e.g., States or nU). Estimatesfor 
developed by EPA staff these individualspcies are not 
for this analysis. reported consistently and are likely 

to under-representnational totals.1 -	 Superseded by version 9801, which 
lacks speciated daw no longer 
available. 

Emission data used inrankingindex calculationsare shown in Table 3. HAPSfor which information 

was not available from&e emission databases described above were included in this table asblanks, 

and emission-based indices for these substances were not calculated. 


2.3.2.3 Speciation Assumptions for Inventory and Ambient Monitoring Data 

The following decisions were made regarding the useof NTI emission data,based on staffjudgment: 


1. 	 Antimow. Emission and ambient data for antimony were assumedto represent the carcinogenic 
trioxide, which is thought to be the predominant form of atmospheric antimony [16]. 

2. 	Arsenic. Emission and ambient data for arsenic, which is released to the airmainly asarsenic 
trioxide and is usually found in the atmosphere asa mixture of partxulate arsenite and arsenate 
[I 71,were evaluated as inorganic arsenic. 

3. 	 Chromium. Emission data for total chromium, which did not distinguish betweenthe and VI 
valences, were apportioned to reflect a 35% reported proportion of chromium VI 1181. 

4. 	 Lead Emission and ambient data for total lead were assumed to be inorganic, and paired with 
health RBClRBDs for inorganic lead. Emission data for alkylated lead were paired with 
RBCM3Ds for tetraethyl lead in the index calculations. Alkylated and inorganic lead were scored 
separately. 

5. 	 Merczuy. Emissions and ambient air concentrationsof mercurywere presumed to be elemental 
mercury, the dominant fomof mercury in the atmosphere [9]. 

6.  	Polycyclic Organic Matrer. Emissionand ambient data for a group of 7 carcinogenic PAH 
cornpounds @enz[a]mthracene, benzofblfluomthene, benzo&ffluamthene, benzo{a]pyrene, 
chrysene, dibe@a,h]anthacene, and indene{1,2,3-~d]pyrene)were used to represent the entire 
polycyclic organic matter (POWHAP category. These data were paired witha weighted UR 
developed for these compounds, described in section2.3.1.9. 

23.2.4 BiocmcentrationData 
The bioaccumdahon factor and bioconcentrationfactor (BCF)are estimatesof the d o  of the 
concentration of a substancethatanorganismwill accumulate in its tissues relative to the 
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concentration of the substance in the environment, at equilibrium. The previous draft of the risk
reiated r a n h g  analysis used a database of these values obtained fiom tfie 1997 beta test version of 
EPA's Waste Mkagement Prioritization Tool (WMPT). EPA received several comments noting that 
these BAFs and BCFs were incomplete and of inconsistent quality, and further comments requesting a 
more complete treatment of bioaccumulative IcllLps in general. We have partially addressed these 
concerns by replacing the 1997 WMPT data with the database of BAFs and BCFs from EPA's 
recently-released I999 version of the WMPT (19], which has been substantially expanded and 
improved. 

The WMPT is intended to allow EPA to rank relative hazards h m the list of hazardous substances 
regulated under the Resource Conservation and Recovery Act, and wasjudged to be the most 
comprehensive source of high-quality information for the purpose of HAP ranking. The present 
analysis follows the WMPT's preferences for BAFs over BCFs,and for measured values over 
predicted values. Among the 7 PAH compounds grouped as the POM m g a t e  for this analysis, 
measured BAFs were available only for chrysene and benz[aJanthracene. EPA assigned this 
measured BAF value (800 for both compounds) to the entire 7-PAH goup. 

BCFBAFs used in this rankinganalysis arepresented in Table 3. 

23.2.5 Uncertaintiesin Use of Exposure Surrogates 

Thisanalysis has the following important limitations:(1) the rankingis dative rather thanabsolute, 
(2) the results cannot be interpreted asquantitativerisk estimates, and (3) the emission and ambient 
concentration data bear some relation to human exposure, but cannot themselves be construed as 
exposure estimates. 

The ambient monitoring database had many gaps, shown asblanks in Table 3. No measurements 
exist for many urban locations, and locations that were monitored were uually sampled for only a few 
W s .  Measurements that do exist were taken only at specificlocations and times, and cannot 
represent the whole spectnun of ambient concentrations. Furthermore,even perfectly accurate 
ambient concentrations cannot fdly explain human exposure, which is influenced by complex 
behaviors. Finally, the ambient airmeasurements are subject to the same limitations asall measured 
d a d e t e c t i o n  limitsthat may be too high,and potential for errors in samphg, analysis, and 
reporting of data. 

Most "TIemission data are from 1990, with updated infoxmation for some HAPSin some locations 
for 1993. This databasewas used to reflect a 1990 baseline, the year the Act was passed,asa baseline 
from which to measure futurebnprovements, and it should not be interpreted as representing current 
conditions. Most emission data are predicted from emission' factors and activity levels, both of which 
are subject to error. Even perfsctly accurate emission datawould be a substantiallyinaccurate 
predictor of ambient concentrations,which are also infiuenced by factors such asproximity of 
populations, site-specificparameters like stack height., meteorologicalconditions,atmospheric 
transformation of HAPS,and non-source-related background concentrations. 

2.3.3 The HAP Ranking Process 
Atthough the CAAA quires EPA to develop a single list of HAPSof concern for the rrrbanstrategy, 
EPAjudged that this list should approPriately reflect a variety of possible exposure periods, pathways, 
and typesof adverse health effect. Accordingly, we chose a mufti-facetedapproach designed to rank 
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3 distinctly differentt>ipesof hazard. Four distinct ranlung indices (described in detail below) were 
cdcuiated for each W,data permitting. Each index was designed to utilize a different exposure 
surrogate and to-reflecta specifictype of concern. Three of these indices were based on chronic 
exposure, and one on acute exposure. The thee chronic indices were calculated using case 1 and case 
2 dose-response information (described above). The total number of calculated “subindices”was 
seven. 

Each of these calculated indices represents only a simple sunogate measure of relative hazard that 
cannot be translated to absolute risk. Index values can be most accurately described as ambient 
concentrations and emission masses that have been adjusted to account for relative differences in the 
toxicity of variousHAPS. They provide no information about whether emissions, ambient levefs, or 
risks areacceptable or unacceptable. 

2.3.3.1 Index 1: ArnbientlAcutt 

The ambient acute index was calculated by dividing the 95”percentile 24-hour concentration of each 
HAP by its risk-based concentrationfor acute effects. This index reflects the potential of HAPSto 
present short-term non-cancer hazardsby inhalation. 

2.3.3.2 lndex 2: AmbienffChtonic 

The ambient chronic index was calculated by dividing the long-term average ambient concentration of 
each HAP by itsrisk-based concentration for chronic effects. Thiswas done separately for case 1 
(RBC set at 1e-6 risk or the RfC,whichever was lower) and case 2 (RBCset at 1e 4  risk or theIW, 
whichever was lower). Case 1 and case 2 ofthis index reflect potential long-term carcinogenic and 
non-carcinogenk hazards, respectively, by the inhalation exposure pathway, based on measured 
ambient concentration data 

2.3.3.3 Index 3: EmisS30nlClrronicllnhatation 
The NTI emission rate, in tons per year, was adjusted by dividing it by the RBC for cknonic effects. 
As with the ambient chronic index, this WQS done separately for case 1 fRBC set at l e d  risk or the 
R K ,whichever was lower) and case 2 (RBC set at l e 4  risk or the RE,whichever was lower). Case 
1 and case 2 of this index reflect potential long-term carcinogenic and non-carcinogenic hazards, 
respectively, by the inhalation exposure pathway, based on emission data. Although emission data 
represent 3 less direct surrogatefor exposm thanambient data do, this index is valuable because the 
emission databaseis farmore complete in terms of numbersof HAPSand locations considered 

2.3.3.4 lndex 4: EmissiodChronidOraI 

The NTI emissionrate, in tons per year, was adjustedby multiplying it by the bioconcentra.tion factor 
and dividing it by the oral risk-based dose (RBD)for chronic effects. As with the otherchronic 
indices, this was done separately for case 1 (RBD set at 1e-6 risk or theRfD, whichever was lower) 
and case 2 (RBD set at l e 4  risk or the RfD,whichever was lower). Case 1 and case 2 of this index 
reflect potential long-term Carcinogenic and non-carcinogenic hazards, respectively, by non-inhalation 
exposure pathways (e& foodchain bioaccumulation) b a d  on emission data 

2.4 Combinathi ofIndividual Ranking Indices 
Because the subindices were developed from difEerent typesof exposure surrogates, their 
measurement unitswere not compatible with summing oraveraging. Therefore, it was necessary to 
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normalize the index values before combining them into a single ranking. Raw scores (Table 4) were 
normalized to a scale of 0-100 w i h n  each sub-index (Table 51,with IO0 representing the most 
hazardous score and 0 representing no hazard. Scores that could not be calculated because of missing 
data were treated as blanks, not as zeros. 

This system of normalizing subindex scores to the Same 0-100 scale was adopted in response to 
comments received on the September 1998 proposed HAP selection protocol. The earher 
normalization method ranked HAPs within each subindex, then averaged the ranks. Cornmentors 
noted that this method obscured quantitative differences in magnitude among HAPS,and artificially 
increased the importance of subindices having the fewest calculated results. 

EPA agreed With these comments, and revised the normalization methodology. The use of a 0-100 
scale preserves differencesin relative magnitude of hazards. For example, if the highest-scoring W 
has a raw index score ten times higher thanthe second HAP,  the two HAPS would h v e  been ranked 1 
and 2 under the old system. Under the new system, their normalized scoreswould be 100 and 10. 
The system also treats sub-indices equally, regardless of how many HAPS are scored. For 
example, under the old system only about 20 HAPs could be scored for the mbiendacute inde?, so 
the least hazardous HAP had a rank of about 20. However, more than 150HAPS were scored for the 
emissiodchronidi/inhafationindex. Thus,the H A P  that ranked 20"'out of 150 in this index was 
probably much more hprtant than the HAP ranking20* of 20 in the ambientlacute index This 
system artificially deflated the importance of data-rich subindices for which many HAPSwere scored. 
The new scoring system removes this artificial bias. 

Normalized scores for each HAP were averaged across the seven sub-indices. This represented a 
substantial change from the September 1998HAP seiection protocol, which combined subindices by 
averaghg their ranks and thereby preserved the bias (described above) toward sub-indices with the 
least data. The revised method treats dl seven subindicesas equally important. This equal-weighting 
system was used because we judged that information on HAP exposures on the national. scale was not 
yet sufficient to support a different relative weighting scheme. This limitation of the available data is 
described more fuUy in section 1,which explains how the hazard rankingapproach uas selected 
specifically because HAP exposures are largely unknown. If datawere sufficient to determine the 
relative magnitude of risks associated with chronic vs. acute exposures, cancer vs. non-cancer effects, 
and contact by inhalation vs. ingestion,it would iikely have also been possible to develop a national 
screening-level risk assessment as the basis for selecting HAPS. 

Average scores and the o v d  HAP rank are shown in Table 5. Figures 1 and 2 show the 60 HAPS 
that rankedhighest in thisexercise, sorted in order of average scofe. Individual sub-index scores 
appear aspoints on thesefigures,except for blanks caused by data gaps. 

3. Results and Selection ofHAPs Proposed for Listing 

Results for all threeranking analyses--(l) the risk-related ranking indices, (2) the CEP urbananalysis, 
and (3) the review of existing risk assessments and hazard rankings--arecombined and summarized 
in Table 6. In selecting the urbanHAPS for the integrated strategy, we comparedthe resultsof the 
three separate analyses, and selected those HAPS for which a publicly reviewed baseline national 

18 



Selection oj’fi4Ps bnder Seclion I 1 2 f i )  offhe Clem Air Act; Technical Support Document 96i29/99 

” emissions inventory was available (under CAA section 112(k) or 1 12(c)(6)), and which was either: 

1 Identified by at least two of the three analyses (regardless of area source contribution), or 

2. Identified by at least one of the three analyses, with an area source contribution to total emissions 
of at least 25 percent. 

This second criterion was set in recognition of the area source emphasis of this integrated strategy. 
These criteria produced an integrated list of 33 ‘khan HAPS” (Table 6). Section 112&) of the CAA 
requires us to identify not less than 30 “area source HAPS” that pose the greatest threat to public 
health in the largest number of urban areas, as the result of emissions from area sources. 

To identify these 30 area source HAPS,we ranked the list of 33 urban HAPs by percent conmiution 
to national urban emissions &om area sources and selected the 30 urban HAPs withthe gteatestarea 
s o m e  contributions. The remaining three urban HAPs (coke oven emissions, 1,2dibrornoethane, 
and carbon tetrachloride) have less significant emissions contributions from areasources, and are not 
among the 30 area soww HAPS considered for area source category listing. 
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Pollution Prevention SUBJECT'.: Summary of Hazardous Air Pollutant Rankings 

TecMology Evaluation 1.0 Summary 

Envtronrnencn Section 112(k)of the Clean Air Act Amendments (CAAA) of 19% requires 
*piing ard Analysis that the U.S. Environmental Protection Agency ( U . S .  EPA) identify no less th& 

30 hazardous air pollutants (HAPS)that, as the result of emissions from area sources, 
Technical Writing and present the greatest threat to public health in the largest number of urban areas. Work

Editirg 
Assignment No. m-66for EPA Contract No. 68-D3-0033was initiated to develop 
data pertinent to the identification of HAPSof greatest concern to urban areas. One of 

Yeeting Yaraqeme-!
Fac,litaT,cp the products of this Work Assignment was a draft study of urban risk assessments and 

hazard rankings. In follow on Work Assignment No. 1-10for EPA Contract No. 68-
Grapnt: Dcsign 

D7-0068, the risk assessments and hazard rankings were reevaluated based on expert 
md Media Semces  review comments; this memorandum is the product of this revision. 

Public Gelatronr and The data compiled in this memorandum include risk assessments as well as 
Ouveach hazard rarrkings for carcinogenic and noncarcinogenic effects. The data in the 

compiled studies were normalized based on an individual pollutant's contribution to 
E$ucmon and Tnining riskhazard in the defined study areas. Normalizing risk and hazard ranking scores 

allowed for some comparison among the studies. 

The risk assessrnents take results from dispersion modeling of inventory data, 
W- ambient air studies, or a combination of modeled and ambient studies to estimate the 

?-9eairRmhd* magnitude of an adverse effect- On the other hand, hazard ranking studies simply 
combine emission inventory results with toxic characteristics to provide a rough 

Fax 33-64!. 
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The result of these efforts was the identification of the following pollutants asbeing of 
greatest potential concern for urban areas: 

Carci u e n i c  C m 

Acrylonitrile Chromium Compounds' 2-Nitropropane 

Arsenic Compounds Coke Oven Gases Polycyclic Organic Matter 

Benzene Ethylene Dichloride Tetrachloroethylene 

1,3-Butadiene Ethylene Oxide Trichloroethylene 

Cadmium Compounds Formaldehyde Vinyl Chloride 

Carbon Tetrachloride' Methylene Chloride 

Chloroform' Nickel Compounds' 


rJoncarcinagcnic Compound5 

Acrolein Cyanide Compounds Nickel Compounds' 

Benzene' Glycol Ethers Toluene 

Carbon Tetrachloride' Hexane Xylene 

Chloroform* Lead Compounds 

Chromium Compounds Manganese Compounds 


Section 2 of this memorandum provides background information about the intent of this 
study and summary details about the risk assessments and hazard rankings used in this study. The 
approach used to compare the results of the individual studies is discussed in Section 3. Section 4 
explains how the H.APs of greatest concern were identified and lists the specific pollutants of 
concern. All references used in this study arenoted in Section 5.  Supporting tables and graphics 
are provided at the end of this report. 

2.0 Background 

The intent of this memorandum is to identify HAPSof concern to urban areas based on 
results from existing risk assessments and hazard rankings for carcinogenic and noncarcinogenic 
endpoints. 

Included as both carcinogenic and noncarcinogenic pollutants. 
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In a risk assessment, the expected or actual concentration of a given pollutant for a given 
community is taken into consideration along with the toxic characteristics of the pollutant when 
assessing the effects the emissions may yield. in this evaluation, 74% of the 23 ranking studies 
were risk assessments. In one study, ambient test data were used as the basis for the risk 
assessment; in all other studies, emission inventory data were modeled to estimate the expected 
concentration of a pollutant. Some of the studies used both emission inventory data to model the 
concentration and a limited amount of ambient data to validate the modelcd results. 

Hazard ranking studies adjust emission inventory data by taking into consideration toxic 
characteristics of the p~llubnts.Hazard ranking studiesdo not take into consideration the expected 
level of exposure of a pollutant. Even though hazard rankings stop short of estimating the expected 
level of exposure of a pollutant, these studies are useful for the purpose of this report, because they 
rank pollutants of concern based on more than just emissions. About 30% of the 23 ranking studies 
included in this report used the hazard ranking approach. About 9% of the studies used approaches 
that were not clearly defined in the documentation, but it was determined that the results of those 
studies would still be useful in thisexercise2 

The studies reviewed and discussed in thismemorandum are introduced in Table 2.1, along 
with relevant information about the basis for the ranking, baseline year, geographical location, type 
of ranking, number of pollutants, and types of sources included in each of the studies. For the most 
part, the studies reviewed were for urban areas, although several studies were for non-urban areas. 
The non-urban studies were not used in identifymgurban area HAPS. 

Three of the studies (Philadelphia, South Coast, and MinneapolidSt. Paul) were not included 
in the ranks of aggregated normalized scores because these three studies were for a smallnumber of 
pollutants, which meant that normalized scores for the pollutants ia these studies were, on average, 
higher than scores for poIlutants in studies that had a larger number of pollutants. 

Sourcesof data used to develop inventories for b t h  the risk assessment and hazard rankings 
included speciation of National Acid Precipitation Assessment Program (NMM)(26%)or State 
Implementation Plan (SP)(17%) inventories, Toxic Release Inventory czw)reporting (43%), and 
local permit data or surveys of local industries (43%). In some cases, the basis for the inventory 
was unclear.3 

* Note: The total percentage of all study types is greater than 100% because someof the 
studies(e.g. Arizona's) used both risk assessments and hazard rankings. 

Note: The percentages do not add up to 100%because many of the inventories used 
several approaches to quantify emissions. 
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Of the 23 studies identified in the memorandum,approximately 60% concerned carcinogenic 
endpoints, while 40% of the studies considered both carcinogenic and noncarcinogenic endpoints. 
In this memorandum, carcinogenic and noncarcinogenic results are handled separately. 

The baseline years for which the studies were developed range from 1980 to 1995. The 
distribution of the base years is as follows: 1980 (22%), 1984 (4%), 1985 (17%), 1986 (4%), 1988 
(4%), 1990 (22%),1994 (17%), 1995 (4%),and 4% of the studies were for an undefined bare year: 

The studies also did not always include the same types of source categories. Ofthe ranking 
studies reviewed, 74% combined point, area, and mobile sources, 13% quantified emissions from 

.only point and area sources, and 13% of the studies-werefor area sources only. . 

3.0 Methodology 

The ev'aluation of the studies was done in two stages. In the fk t  stage, theresults of 
individual studies were expressed in terms thatwould allow comparisonbetween different studies 
that may have used very differentranking scales. In the second stage of thisevaluation,nsults from 
the studies were compared to similar studies in order to identify the pollutants of greatest potential 
concern. 

3.1 Normalized Scores 

To allow for ranking of pollutants across studies, the resultsof each of the risk 
assessmentlhazard ranking studies were normalized based on the total scoreof the individual 
studies. In some cases, these Scores are risk values, percent contribution to risk, or weighted hazard 
scores. If in a given study benzene received a hazard score of 40and the total of all the hazard 
scores in the study was 100, then the normalized score for benzene would be 0.40 or (401100). The 
normalization of these numbers in this fashion can be interpreted as percentage of risk or hazard that 
a pollutant contributes to the study area. This approach also makes ,itpossible to retain the relative 
distribution of the pollutants, not merely the order of the ranking. 

Comparisons of thenormalized risk assessmenthazard ranking results are summarized in 
Table 3.1for carcinogenic endpoints and in Table 3.2 for noncarcinogenic endpoints. Pollutants 
listed in these tables were reported using the nomenclature of the studies cited. The 188MAP 
synonymsare noted in the associated footnotes. 

Note:The percentages do not add up to 100% because of error associated with 
rounding off the percentages. 

73 




3.2 Comparison Between Studies 

The normalized scores of individual studies were summed for each pollutant for two specific 
scenarios. The pollutants were then ranked based on these aggregated scores. 

The first scenario considered normalized scores for only studies that included point, area, 
and mobile sources. This would include the most complete studies and exclude studies which were 
not similar. All of the point, area, and mobile studies were risk assessments, so their general 
approaches were relatively similar. Results for the ranking of point, area, and mobile studies are 
provided in Table 3.3 for carcinogenic endpoints and in Table 3.4 for noncarcinogenic endpoints. 
?%edistributions of these rankings are also represented in Figures3.1 and 3.2,respectively,for 
carcinogenic and noncarcinogenic endpoints. The distribution appears to be log normal,in that a 
small number of potlutants have very high aggregated normalized scores, a larger set of pollutants 
have lower scores, and a still larger numberof pollutants have low scoreswhich arevery simihr. 
The pollutants of greatest potential concern were considered to be those that art not included in the 
long tail (the flat horizontal section) of thedistribution. These pllutants of mattst potential 
concern are represented as dots in Figures3.1 and 3.2 and are also included in the shadedportion in 
Tables 3.3 and Table 3.4. 

A similar ranking was performed on studies that included only area sources, again so that 
similar studies were compared to each other. All of the area source studies were hazard tanking 
studies, so their general approaches were similar. This ranking was limited to only three studies. 
These results are provided in Table 3.5 for carcinogenic endpoints and Table 3.6for 
noncarcinogenic endpoints well as in Figures 3.3 and 3.4. 

4.0 Results 

The pollutants whose names are shaded in the Tables 3.3,3.4,3.5,and 3.6 were compiled 
into the followinglist of pollutants of greatest potential concern for urban artas. Pollutants thatarc 
not on the 188 HAPS listed in Section 112(b) of the 1990 CAAA were not included in this find 
listing. 

5 
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Carcinogenic Compounds 

Acrylonitrile Chromium CompoundsS 

Arsenic Compounds Coke Oven Emissions 

~enzene’ Ethylene Dichloride 

1,3-Butadiene Ethylene Oxide 

Cadmiurn Compounds Formaldehyde 

Carbon Tetrachloride’ Methylene Chloride 

Chloroform’ Nickel CompoundsS 


Bonearcinagenic Compou& . .  

2-Nitropropane 

Polycyclic OrganicMatter 

Tetrachloroethylene 

Trichloroethylene 

Vinyl Chloride 


Acrolein 

~enzene’ 

Carbon Tetrachloride5 

Chloroform’ 

Chromium Cornpo~nds~ 


Cyanide Compounds Nickel Compoundss 

Glycol Ethers Toluene 

Hexane Xylene 

Lead Compounds 

ManganeseCompounds 


Included as both carcinogenic and noncarcinogenic pollutants. 
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1 INTRODUCTION 
I 

In order to gain an expanded understanding of the national distribution of air toxics 

concentrations, EPA’s Ofice of Policy, Planning and Evaluation has conducted a 


national air toxics modeling study as part of its Cumulative Exposure Project. Outdoor 


concentrations of 148 air toxics were modeled at the census tract level for the entire 


continental U.S., in both urban and nual areas. To evaluate the potential impacts of air 


toxics in urban areas, modeled concentrations were compared with potential regulatory 


thresholds of concern or “benchmark concentrations. Modeled concentrations greater 


than these benchmark concentrations provide an indication of a potential health risk to the 


general population. The frequency and magnitude of modeled concentrations greater than 


benchmark concentrations provide an indication of those hazardous air pollutants having 


the greatest potential to pose hedth risks to the general population. 


This chapter presents the methods for and results of this screening-level study of national 


urban air toxics concentrations. In addition, results for urban areas are compared with 


those for rural areas. Contributions of area sources of emissions, relative to point sources 


and mobile sources, are also assessed. 


2 METHODS 


There are three primary components to this analysis of urban air toxics:’ 


1. Estimating Air Toxics Emissions and Modeling Air Toxics Concentrations 

2. Identifying Benchmark Concentrations 

B-4 



3. 	 Comparing Modeled Concentrations to Benchmark Concentrations.-

The methods used in each of these components are discussed below. 

2.1 EstimatinP Air Toxics Emissions and Modeling Air Toxics Concentrations 

2.1.1 Atmospheric Modeling Methodology 

To meet this study’s objectives of estimating long-term concentrations of H A P S  on a 

national scale with reasonable geographic resolution, a long-term Gaussian dispersion 

modeling approach was selected. The Assessment System for Population Exposure 

Nationwide (ASPEN) used in this study is a modified version of EPA’s HumanExposure 

Model The HEM is a standard modeling tool used by EPA st& to support 

regulatory activity and special studies, such as EPA’s electric utility study (U.S. 

Environmental Protection Agency 1996d). The HEM utilizes a Gaussian dispersion 

modeling approach for point sources with optional first-order decay and a simple 

deposition algorithm. For h s  study, the deposition algorithm has been improved and 

treatment of area and mobile source emissions has been modified. In addition, methods 

to estimate secondary formation of seven HAPS (formaldehyde, acetaldehyde, 

propionaldehyde, methyl ethyl ketone, acrolein, phosgene, and cresol) have been 

incorporated. 

For each source, the model calculates ground-level concentrations as a function of radial 

distance and direction from the source for a set of receptors laid out in a radial grid 

pattern. These concentrations represent the steady-state concentrations that would occur 

with constant emissions and meteorological parameters, and are calculated for model 

�3-5 



receptor locations up to 50 kilometers (km)from each source, Concentrations resulting 

from any number of sources are extrapolated from model receptor locations to the 

centroids of population subdivisions, such as,census tracts, block groups, or blocks. The 

model may be used to simulate any size modeling domain for which appropriate data are 

available. 

In recognition of the potential for a large degree of spatial variation in ambient 

concentrations, geographic resolution at the census tract level was selected for this study. 

There are approximately 60,000 census tracts in the continental United States. Census 

tracts generally contain roughly equal populations, and therefore tend to be smaller in 

urban areas and larger in rural areas. This level of resolution focuses greater computing 

resources in urban locations, and appropriately balances thedesire for high spatial 

resolution against the limitations of the model and the available emissions and 

meteorological databases that preclude accurate modeling at higher resolution. The 

rnodeied concentrations approximate the population-weighted average of outdoor HAP 

concentrations experienced within a census tract over the course of a year. 

Modeling was conducted separately for each source category group identified in the 

following section. For each HAP,the modeled concentrations for each category group, 

along with the background concentrations identified below, were summed together to 

arrive at a modeled concentration for each census tract. Details of the ASPEN model 

are found in Chapter 5 of the technical report on the modeling portion of this study 

(Rosenbaum et al. 1998). 
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2.1.2 Emissions Inventory 
I 

2.1.2.1 Emissions categories and dola sources 

HAPS are emitted from a variety of sources, including large manufacturing facilities such 

as chemical production plants, combustion facilities such as waste incinerators, small 

commercial operations such as dry cleaners, and both onroad and nonroad mobile 

sources. For this analysis, sources of HAP emissions were aggregated into six source 

category groups: 

0 manufacturing point sources (e.g., chemical manufacturing, refineries, primary 

metals) 

0 nonmanufacturing point sources (e.g., electric utility generators, municipal waste 

combustors) 

manufacturing area sources (e.g., wood products manufacturing, degreasing) 

0 nomanufacturing area sources (e.g., dry cleaning, consumer products, small 

medical waste incinerators) 

onroad mobile sources (e.g., cars, buses, trucks) 

0 nonroad mobile sources (e.g., farm equipment, airplanes, boats). 

In this study, emissions fiom manufacturing point sources are represented by data from 

EPA’s 1990 Toxics Release Inventory (TRI) (U.S. Environmental Protection Agency 

1991). TRI is an annual compilation of facility-reported estimates of releases and 

transfers for over 300 pollutants. TRI is a comprehensive database of estimated 

emissions for large manufachxhg sources, but does not address many important sources 
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of toxics emissions, including mobile sources, combustion sources such as incinerators, 

and small industrial, commercial, consumer and agricultural sources (Le. area sources). 

For these other source category groups, this study estimates HAP emissions fromEPA’s 

extensive 1990 base year national emissions inventories for volatile organic compounds 

(VOCs) and particulate matter (PM) (Pechan 1994; U.S. Environmental Protection 

Agency 1993b). These inventones contain facility-specific data on point sources and 

county-level emissions totals for mobile sources and area sources. 

H A P  emissions estimates are derived from VOC and PM emission estimates through the 

application of speciation profiles. Speciation profiles are industry-specific and/or 

process-specific estimates of the presence of particular chemical constituents in a VOC or 

PM emissions stream. For example, estimates of gaseous HAP emissions from 

automobile refinishing operations can be derived by combining the estimated total VOC 

emissions from automobile refinishing with a speciation profile, which provides estimates 

of the percentage of automobile refinishing VOC emissions made up of individual 

chemical constituents, such as benzene and toluene. Speciation profiles are avdable 

fiom EPA’s SPECIATE database (U.S.  Environmental Protection Agency 1992) and 

fiom the technical literature (Battye and Williams 1994; Burnet et al. 1990; California 

Air Resources Board 1991; Edgerton et d.1985; Hare and White 1991; Harley and Cas 

1994; Harley et al. 1992; Hildemann et al. 1991; Ingalls 1991; Lipari et al. 1984; Miller et 

a3.1994; Sagebiel.et al. 1996; ScheEet al. 1992; Scheff et al. 1994; U.S.Environmental 

Protection Agency 1989;U.S. Environmental Protection Agency 1996d). Speciation 

profiles are not available for all source categories; for categories without profiles, 
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emissions are estimated using profiles for source categories judged to be similar. This-

introduces some uncertainty into the characterization of emissions. However, it is 

necessary to use estimates with uncertainties in order to approximate actual HAP 

concentrations, since many sources and source categories have not been characterized in 

detail. To omit such sources could result in significant underestimates of H A P  

concentrations. 

In this analysis, the defmition of an area source is not prec'sely equivalent to the CAA 

Section 112 definition, nor is the definition of a point s o w e  precisely equivalent to the 

CAA section 112 definition of a major source. Area source emissions in this analysis are 

derived fiom EPA's national inventories of VOC and PM emissions. In these 

inventories, area sources are defined as those that do not emit more than 100 tons per year 

of any criteria pollutant (VOCs, PM, carbon monoxide, nitrogen oxides, or sulfur 

dioxide). Some of the emissions in this analysis attributed to area sources may actually 

be emitted by facilities which are defined as major sources under CAA section 112-that 

is, facilities which emit more than 10 tons per year of any single H A P  or 25 tons per year 

of any combination of HAPS. There also may be facilities classified as point sources in 

this analysis which are considered area sources under CAA section 112. The potential 

implications of these different definitions of area sources are discussed in Section 4 

below. 

The scope of the modeling exercise was limited to a certain extent by the available 

emissions data. The domain for the modeling exercise is comprised of the continental 
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United States. The national VOC and PM inventories used to develop much of the H,4P 
.-

emissions estimates for this study do not include data for Alaska or Hawaii; these states 

were therefore not included in the modeling study. In addition, 148 out of the 188 HAPS 

listed in CAA section 112(b)(l) are included in the modeling study. There were no 
5 

emissions data identified for the remaining HAPs in the data sources used.' 

2.1.2.2 Spatial Allocation 


For point sources, emissions data are available for specific facility locations. All 


emissions data for area sources and mobile sources, however, are estimated as county 


totais. Before HAP emissions derived from these inventories can be used effectively in 


dispersion modeling, they should be allocated to smaller geographic units within the 


counties to approximate the spatial distribution of actual emissions. 


To allocate emissions from the county level to the census tract level, 20 different 


surrogates were developed, as shown in Table 1. Each surrogate is based on data 


available at the census tract level, and represents an approximation of the distribution of 


emissions-generating activities across the census tracts within a county for at least one 


area source or mobile source category of emissions. Surrogates were developed using 


data on population (Bureau of the Census 1990a; Bureau of the Census 1990b), roadway 


miles and railway miles (Bureau of the Census 1993), and land use (U.S.Geological 


Survey variousdates) for each census tract. For each area source and mobile source 


A few HAPs with available emissions data, such as chlorine and titanium tetrachloride, were not included 
in the modeling exercise because of theirphysicakhemical properties which make dispersion modeling 
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categov. county emissions were allocated to constituent census tracts in proportion to the 


fraction of the total county value of the corresponding surrogate. For example, each 


county’s emissions from lawn and garden equipment are allocated to each census tract in 


proportion to the tract’s percentage of residential land area within the county, while 


emissions from industrial sources are allocated in proportion to industrial land use, and 


mobile source emissions are allocated using data on population and roadway miles in 


each tract. 


2.13 Background Concentrations 


The emissions inventory and modeling methodologies described above are used to 


estimate long-term outdoor concentrations of HAPSattributable to 1990 anthropogenic 


emissions, within 50 kilometers of each source. For many HAPS,however, outdoor 


concentrations may include “background” components attributable to long-range 


transport, re-suspension of historical emissions, and non-anthropogenic sources. To 


accurately estimate 1990 outdoor concentrations of H M s ,  it is necessary to account for 


these background concentrations which are not represented by atmospheric modeling of 


1990 anthropogenic emissions. 

In this study, background concentrations are represented by inclusion of concentration 

values measured at “clean air location^" remote from the impact of local anthropogenic 

sources. Background concentrations were identified from the literature (Grosjean 1991; 

Howard 1989; Howard 1990; Howard 1991 ;Howard 1992; Howard 1997; Khalil and 

difficult. 
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Rasmussen _1984; Panshin and Hites 1994a; Panshin and Hites 1994b; Singh et al. 1985; 

U.S. Environmental Protection Agency 1994a; U.S. Environmental Protection Agency 

1996~;Wiedmann et al. 1994; World Meteorological Organization 1991) for 28 HAPS, 

and are shown in Table 2. These values were obtained from measurement studies 

characterized as ruralhemote, hemispheric baseline, remote ocean, global background, or 

other terms denoting contributions from only natural sources or long-range transport. For 

these HAPS, the estimated concentration in each census tract is determined by the 

summing together the estimated background concentrations and the modeled 

concentrations arising from 1990 emissions. Background concentrations are assumed to 

be constant across all census tracts; the available data are insufficient to address any 

possible geographic variations in background. Because no background concentration 

values were identified in the technical literature for other 120 W s  included in this 

study, their backgrouiid concentrations are assumed to be zero. This may result in 


underestimation of outdoor concentrations for some HAPs. 


2.1.4 Evaluation of Modeled Concentrations 


Performance of the model was evaluated by comparing modeled concentrationsof HAPs 


to available monitored concentrations. In addition, modeled and monitored carbon 


monoxide (CO) concentrationswere also compared for evaluation of model performance. 


Although CO is not a HAP,it was included in the model simulations specifically for 


model evaluation purposes, because the CO measurement data base contains sigruficantly 


more monitoringsites thanthe H A P  measurement data base. In terms of dispersion and 


other atmospheric processes after release, CO is expected to behave similarly to gaseous 
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HAPS with very low reactive decay rates. In addition, CO is measured hourly throughout 
I 

the year, whereas HAP measurements are typically 24-hour averages taken approximately 

every twelfth day. The greater temporal coverage reduces uncertainty in annual average 

statistics, and allows for time-of-day comparisons. 

2.1.4.I Moniforing Data Sets 

Quantitative comparisons of 1990 annual average ASPEN model predictions with 

observed H A P  concentrations were made for several monitoring programs summarized in 

Table 3. Some of the programs were not operating in 1990, so measurements for other 

years between 1988 and 1992 were used in some cases, introducing some uncertainty into 

the comparisons. 

HAP measurement data from the monitoring programs identified in the table were not 

used for the quantitative model performance evaluation in any cases where more than 10 

percent of the measurements were below the minimum detection levels (MDLs). The 

uncertainty in estimating an annualaverage concentration from monitoring data sets with 

large numbers of non-detects limits the usehlness of such data sets in quantitative model 

performance evaluation. More qualitative analysis of some of these data sets was used to 

supplement the information from the quantitative model performance evaluation. For 

data sets used in the quantitative analysis, those values below the MDL were set equal to 

half the detection limit as a default in calculating annual average concentrations. 
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CO data from 259 monitoring sites were extracted from EPA’s Aerometnc Information 

Retrieval System (AIRS) for comparison with ASPEN predictions. In selecting the sites, 

an attempt was made to eliminate those monitors identified as microscale or middle-scale 

and/or as maximum concentration or source-oriented. Because these monitors are located 

in order to detect extreme concentrations, or “hot spots”, they are likely to record 

concentrations that are significantlyhigher than the ASPEN estimates for the 

corresponding census tracts, which represent tract averages. However, not all monitor 

records contained these identifiers, and some are likely to be incorrectly identified. 

Therefore, a certain amount of underprediction of CO concentrationsfor this set of 259 

monitor locations is expected. A separate analysis was conducted for the 100 CO 

monitors out of the set of 259 that were specifically designated as representative of 

neighborhood scale (0.5 to 4km),urban scale (4to 50 km),or regional scale (more than 

50 km).Comparison of model outputs with measured concentrationsfrom this subset of 

monitors provides an analysis that is not influenced by any unidentified “hot spot’’ 

monitors included in the larger set of 259. 

2.1.4.2 Evaluation Methods 

For each H A P  at each monitoring location with a 1 1 1  year of data and fewer than IO 

percent of observations below the MDL, the ratio of the predicted (modeled) 

concentration to the observed (monitored) concentration was calculated. In order to 

account for the possibility that a pollutant monitor may be nearly equidistant from 

multiple census tract centroids, measured concentrations were compared witha distance-

weighted average of the nearest six tract concentration predictions, weighting each 
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centroid value by l/distance2. Note that the ASPEN algorithms are designed to estimate 

concentrations that represent the average throughout the census tract. Although the 

monitored HAP values are point measurements,they are typically made in locations 


where concentration gradients are not expected to be steep, because the long-term 


monitoring programs from which they are taken are intended to represent general 


population exposures. Sensitivity analysis showed that results are not substantially 


different when only the closest census tract is used for comparison. 


The same evaluation methods were also used for the CO model-monitor comparisons. 


An assumed CO background concentration of 125 ppb (144 pg/m3)was added to the sum 


of predicted anthropogenic contributions to CO concentrations for this comparison. This 


value is based on 1989-1990 measurements at Niwot Ridge, Colorado (Novelli et al. 


1992), a remote land site at approximately intermediate U.S.latitude (40N). 


2.2 Benchmark Concentrations 


Toxicological information on health effects and dose-response relationships for the 148 


hazardous air pollutants included in this study was assembled from a variety of sources, 


evaluated comparatively, and assigned to a series of tiers defrned by quality and 


availability of information, and consistency of methodology. Much of the needed 


health effects information was previousiy compiled for EPA’s proposed rulemaking 


under the authority of section 112(g)of the Clean Air Act. For this study, the 112(g) 
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information was updated, and information from several additional data sources was 

incorporated (Caldwell et al. 1998). 

Hazard information and dose-response data for the HAPS were used to develop 

benchmark concentrations for carcinogenic hazard and for noncarcinogenic hazard from 

both long-term and short-term exposure. For each hazard category, a benchmark 

concentration representing a presumptive health protective value was selected. For 

carcinogenic hazard, the benchmark was seIected to be the concentration of a known, 

probable, or possible human carcinogen representing an upper’bound one-in-one

million excess probability of contracting cancer over a lifetime of exposure. The 

selection of this benchmark is based on provisions of CAA sections 112(c)(9) and 

112(f) that allow source categories to be exempted from regulation when posing less 

than a one-in-one-million lifetime cancer risk to the most exposed individual. 

For noncarcinogenic hazards, the benchmark was selected to be the concentration of a 

HAP likely to be without appreciable risk of noncancer effects from long-term or short-

term exposures. This benchmark is based on the provision of section 112(f) of the CAA 

requiring ‘residual risk” emissions standards to “provide an ample margin of safety to 

protect public health” from non-cancer effects. Similar language is also found in CAA 

section 112(c)(9). EPA inhalation reference concentrations (RfCs), or similar values 

developed by other agencies, representing levels belowwhich long-term exposure is not 
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expected to result in any adverse health effects, were selected as the benchmark 
-_ 

concentrations for non-cancer health effects from long-term exposure. 

Benchmark concentrations for potential non-cancer hazards from short-term exposures to 

HAPSwere developed using EPA’s Levels of Concern (LOC). LOCs are established for 

chemicals on the Superfund Amendments and ReauthorizationAct section 302 list of 

“extremely hazardous substances” ( U . S .  Environmental Protection Agency et al. 1987). 

LOCs are airborne concentrations of chemicals for which no serious irreversible health 

effects are expected to QCCW following a short-term exposure of30 minutes. To derive a 

short-term benchmark concentration, the LOC was divided by a safety factor of 1000 to 

address the fact that the LOC is based on lethality as an endpoint and to address the 

uncertainty in the derivation of the LOC. 

Wherever available, EPA estimates of inhalation unit risks (IURs) for cancer and EPA 

reference concentrations(RfCs) for non-cancer effects were used in developing 

benchmark concentrations. When these values were not available, other available values 

were used as benchmark concentrations, including: EPA estimates of cancer risks from 

oral exposure, converted into inhalation units;California EPA inhalation unit risks and 

Reference Exposure Levels (FELs); and Minimal Risk Levels (MRLs) developed by the 

Agency for Toxic Substances and Disease Registry (ATSDR). 
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Fourteen of the 148 HAPS included in this study are chemical groups. I t  is difficult to 
-. 

assess the toxicity of chemical groups because each is comprised of a number of different 

constituents that may have varying levels of toxicity. For this analysis, toxicity values 

that can be assigned to an entire chemical group are included (CaldweI1 et al. 1998). 

Toxicity values applicable only to individual constituents of chemicai groups are not 

included, because the modeled concentrations developed in this study represent the entire 

group* 

The various benchmark concentrationswere grouped into tiers to account for differences 

in methodology, inherent uncertainty of data used in derivation, and level of peer review. 

Tier I includes values derived from EPA IURs and RfCs, and represents those values with 

the most consistency in derivation and highest level of peer review. Tier I1 includes other 

categories of EPA data, as well as quantitative information from California EPA and 

ATSDR. 

2.3 Comparison of Modeled Concentrations to Benchmark Concentrations 

This study’s modeled concentrationsare estimates of annual average outdoor H A P  

concentrations for 1990. To screen for whether a modeled concentration represents a 

potential health risk, it is compared to benchmark concentrations for cancer and chronic 

noncancer effects, assuming long-tern exposure. These benchmark concentrations 

represent an estimated concentration at which a lifetime daily exposure is unlikely to 

result in adverse health effects, based on available hazard assessment data. A modeled 
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long-term concentration greater than a cancer or chronic benchmark is therefore an 

indicator of some potential for adverse health effects. 

In addition, estimated ambient concentrations are also compared to benchmarks for health 

effect concerns from short-term exposure. While the estimated concentrations in this 

analysis do not represent short-term peak concentrations typically used to assess acute 

effects, exceedance of short-term benchmarks by long-term average concentrations is an 

indication of a potential health concern, because short-term peak concentrations will be 

higher than annual average concentrations. However, the uncertainties in the benchmarks 

for short-term exposure are relatively large. 

Comparison of estimated �LAPconcentrations to benchmark concentrations implicitly 

treats outdoor concentrations as equivalent to exposure concentrations. Outdoor 

concentrations are a reasonable proxy for exposures that occur both outdoors and indoors, 

given the high rates of penetration into indoor environments for various H A P S .  A field 

sampiing study of indoor and outdoor concentrations of volatile organic compounds 

(VOCs) reported by Lewis (Lewis 1991) and Lewis and Zweidinger (Lewis and 

Zweidinger 1992) found that penetration of VOCs from outdoor to indoor air is complete, 

even when air exchange rates are low. Similar results have been found for particulates 

less than 10 micrograms in aerodynamic diameter--that is, the penetration of such 

pollutants from outdoor to indoor air is virtually 100percent ( U . S .  Environmental 

Protection Agency 1996a). Therefore, long term indoor concentrations of both gaseous 

and particulate H A P S  can, in the absence of indoor sources, be assumed to be 
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approximately equal to long term outdoor concentrations in the same location. Indoor 
..~ 

removal mechanisms may reduce indoor concentrations to some extent for some HAPs. 

To evaluate the potential for individual H A P s  to pose health risks, hazard ratios were 

computed by dividing each estimated HAP concentration by its correspondingbenchmark 

concentration for both cancer and noncancer health effects. Hazard ratios greater than 

one indicate the estimated concentration was in excess of the benchmark concentration. 

Hazard ratios were computed for each available benchmark for each census tract. 

To evaluate the impacts of air toxics in urban areas, exceedances of benchmark 

concentrationsare evaluated separately for urban census tracts and rural census tracts. 

Each census tract was designated as either “urban” or “rural” as part of the dispersion 

modeling methodology, since dispersion parameters differ for these two types of 

locations. All census tracts with population density greater than750 peopleh’  are 

designated as urban, while census tracts with lower population density are designated as 

rural, based on EPA modeling guidance (U.S. Environmental Protection Agency 1996b). 

This results in an approximately even split of census tracts into the urban and rural 

designations, meaning that many suburban areas are classified as “d”rather than 

”urban.” Characteristics of urban and rural census tracts are shown in Table 4. 
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3 RESULTS 

_


3.1 HAP Modeling 


3.1.1 Pollutant Concentrations 


Figure 1 shows boxplots of the modeled concentrations of 38 selected H A P S  in the 


28,314 urban census tracts. The HAPSshown are those identified in section 3.3 below as 


having at least 50 urban census tracts with modeled concentrations exceeding health 


hazard benchmark concentrations. Pollutants are separated into four groups in the figure, 


according to the magnitude of the modeled concentrations shown on the vertical axes. 


The vertical lines for each H A P  in the figure show the range from the 1st percentile to the 


99th percentile of modeled concentrations, while the box shows the range from the25th 


to the 75th percentile, and the horizontal line shows the median modeled concentration 


for urban census tracts. Modeled concentrations of zero were set equal to a minimal 


value (1 x io-”) to accommodate a logarithmic scale. In the fourth panel of the figure, 


pollutants for which the modeled concentration is zero in a majority of the urban census 


tracts are shova with a median concentration equal to this minimal value. 


For many of the HAPSshown, the distribution of modeled concentrations spans several 


orders of magnitude; however, the range from the 25th to the 75thpercentile is one order 


of magnitude or less for a majority of the pollutants. Greater variations in the modeled 


concentrations are seen for pollutants that have a relatively largeproportion of emissions 


fiorn point sources, such as propylene dichloride and hydrazine. 
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3.1.t Model Performance 
_-

Table 5 summarizes predicted-to-observed concentration ratios for ail HAPSfor which a 

significant amount of monitoring data above the minimum detect level was identified. 

All available observed data from the monitoring programs listed in Table 3 were 

combined for each HAP. The results for these HAPs show an overall tendency for the 

model to underestimate the observed concentrations, with geometric mean 

predictedobserved ratios generally less than 1.O, ranging fiom 0.09 to 1.O. 

P-dichlorobenzene, methylene chloride, and styrene appear to be underpredictedto a 

greater degree than other gaseous HAPs, with geometric mean predicted-to-observed 

ratios less than 0.33, suggesting that significant sources have been omitted fiom the 

emissions inventory for these pollutants. 

Model-monitor comparisons for CO also indicate a tendency for underestimationof 

concentrations. For the fidl set of 259 monitors, the geometric mean ratio is 0.52, and for 

the subset of 100monitors specifically identified as not related to “hot spots,” the 

geometric mean ratio is 0.62. Further analysis of the predicted-to-observedratios for CO, 

described in Chapter 7 and Attachment 5 of the modeling report (Rosenbaum et al. 1998) 

suggests that much of the model’s tendency to underestimate pollutant concentrations 

may be explained by limitations‘ofthe Gaussian model formulation, such asneglect of 

calm wind conditions, poor representation ofstable atmospheric conditions, and the 50 

kilometer downwind distance limit. Uncertainties in the H A P  emissions inventory may 

ais0 explain the tendency to underpredict. 
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Figure 2 presents a comparison of predicted and observed concentrations for 13 gaseous 


HA4Psat 5 locations in the city of Baltimore, Maryland. The overall Spearman correlation 


coefficient is 0.82 (p=O.OOOOl). The high correlation coefficient is an indicator of good 


performance in distinguishingthe relative magnitude of concentrations among the 


different HAPSincluded in the data set. 


3.2 Benchmark Concentrations 


A total of 183 benchmark concentrations were identified for the 148 HAPSin this study, 


as summarized in Table 6. Seventy-seven of the benchmarks are for cancer, 90 for non


cancer effects from long-term exposure, and 16 for non-cancer effects horn short-term 


exposure. No quantitativebenchmarks were identified for 29 of the 148 HAPS,while 


bencharks for more than one of the three hazard categories were identified for 60 HAPS. 


Out of the 14 pollutant groups included in this study, benchmarks appropriate for 


applications to the entire group were identified for nine: arsenic compounds, beryllium 


compounds, cadmium compounds, chromium compounds, cobalt compounds, lead 


compounds, manganese compounds, nickel. compounds, and selenium compounds. For 


five pollutant groups, no benchmarks applicable to the entire group were identified for 


antimony compounds, cyanide compounds, glycol ethers, mercury compounds, and 


polycyclic organic matter. Values of all benchmark concentrationsused in this d y s i s  


are shown in Attachment 1. 
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3.3 Benchmark Exceedances 
.. 

3.3.1 Exceedances of Benchmark Concentrations in Urban and Rural Census 

Tracts 

Table 7 shows the percentage of urban and rural census tracts with modeled 1990 average 

outdoor concentrations that exceed benchmark concentrations. Results are shown for 38 

HAPs with exceedances in more than 50 urban census tracts2. An additional 12 HAPS not 

shown in the table have exceedances in between 10 and 50 urban census tracts, and an 

additional 17 have exceedances in between 1 and 10 urban census tracts. Three pollutants 

have exceedancesin rural census tracts only; in each case, the number of census tracts is 

less than five. 

A majority of the benchmark concentrations exceeded are for cancer, rather than 

noncancer effects. This reflects the fact that the cancer benchmarks, set at a one-in-one

million risk level, are generally much lower concentrationsthan the noncancer 

benchmarks. 

There are eight HAPs (benzene, bis (2-ethylhexyl) phthalate, carbon tetrachloride, 

chloroform, ethylene dibromide, ethylene dichloride, formaldehyde, and methyl chloride) 

with benchmark exceedances in all urban and rural census tracts. For each of these 

HAPs, the background concentration alone, as defined in section 2.1.3 above, exceeds the 

’Modeled concentrationsfor many of the HAPS may exceed more thanone benchmark,as 60 HAPs have 
more than one benchmark concentration(separate benchmarks for cancer, non-cancw effects from long-
term exposure, and non-cancer effects from short-term exposure). In Tables7-12, HAP results are shown 
only for the benchmark with the most exceedances for each HAP. 
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benchmark concentration for cancer, as shown in Table 8. To evaluate the impact of 
_

1990 anthropogenicemissions, the background concentration was subtracted from the 

total estimated concentrations,and the remaining concentrations (i.e., modeled 1990 

anthropogenic concentrations) were compared to benchmark concentrations, with results 

also shown in Table 8. Modeled 1990 anthropogenic concentrations for benzene and 

formaldehyde are estimated to exceed the benchmark concentration in almost all urban 

census tracts and in more than 87 percent of rural census tracts. Modeled anthropogenic 

ethylene dichloride concentrations exceed the benchark concentration in 32 percent of 

urban census tracts and 11 percent of rural census tracts. The remaining five HAPs have 

1990 modeled anthropogenicconcentrationsthat exceed benchmark concentrations in 

less than 10 percent of both urban and rural census tracts. 

For most other HAPs in Table 7, the percentage of urban census tracts withexceedances 

of benchark concentrations is two to three times greater than the percentage for rural 

census tracts for most pollutants. For some pollutants, however, including 1,3

dichloropropene,p-dichlorobenzene and lead, the relative frequency of exceedances in 

urban areas is much greater. For example, modeled concentrations of 1,3

dichloropropeneexceed the cancer Tier 11 benchmark for this pollutant in 56 percent of 

urban census tracts and in only 5 percent of rural census tracts. Almost all estimated 

emissions of this pollutant are associated with consumer lawn care products. National 

emissions estimates fromthis category are spatially allocated to census tracts in 

proportion to residential population, resulting in greater emissions density in urban tracts. 

For this category, this allocation method may overstate the share of emissions in urban 



census tracts..-relative to rural census tracts. P-dichlorobenzeneand lead also have large 


proportions of emissions that are allocated to tracts in proportion to population. 


Of the pollutants with more than 50 urban exceedances,only benzotrichloride has a 


higher frequency of exceedances in rural tracts than in urban tracts. Virtually all of the 


estimated benzotrichloride emissions used in this analysis were reported to the TRI by 


four facilities. Two of these facilities, accounting for about 68 percent of the reported 


emissions, are in rural locations. 


33.2 Relative Contributions of Area, Point and Mobile Sources 


To evaluate the contribution of three broad categories of sources-area sources, point 


sources, and mobile sources-to exceedances of benchmark concentrations in urban 


areas, the estimated number of exceedances resulting from each category’s emissions was 


calculated separately. That is, the modeled concentrationsassociated with area source 


emissions were compared to the benchmark concentrations for each H A P  in each census 


tract, and the same was done for point source and mobile source emissions. 


Area source emissions estimates were developed for 73 of the HAPs  included in this 


analysis. Table 9 lists the HAPs for which area source emissions alone are estimated to 


result in long-term outdoor concentrations greater than the benchmark concentrations. 


There are 30 HAPSwithmodeled exceedances of benchmark concentrations resulting 


from estimated area source emissions. Six Ws-acrolein, benzene, 1,3-butadiene, 1,3


dichloropropene,formaldehyde, and chromium-are estimated to have concentrations 
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greater than the benchmarks, from area source emissions alone, in more than 90 percent 
..-


of urban census tracts. Four of the HAPS shown in the table are estimated to have area 

source exceedances in less than 0.1 percent of urban census tracts. 

Point source emissions have been estimated for all 148 HAPs included in this analysis. 

There are 63 HAPs with benchmark exceedances in urban census tracts resulting fiom 

estimated point source emissions alone; 34 of these have exceedances in more than 50 

urban census tracts and are shown in Table 10. Tn general, point source emissions of 

individual HAPStend to result in exceedances in a smaller number of census tractsthan 

area sources: only seven HAPS-arsenic, benzene, 1,3-butadiene7dioxin, chromium, 

formaldehyde, and nickel-are estimated to exceed the benchmark concentration in ten 

percent or more of the urban census tracts due to point source emissions alone. Each of 

these HAPs,except dioxin, also has a large number of exceedances from area source 

emissions alone. 

Mobile source emissions were estimated for 35 W s  in this analysis. As shown in Table 

11, ten HAPS exceed benchmark concentrations in urban census tracts when only mobile 

source emissions are considered. Five of these HAP-acrolein, benzene, 1,3-butadiene7 

chromium, and formaldehyde-have modeled mobile source concentrations that exceed 

benchmarks in more than 90 percent of urban census tracts, while acetaldehyde is 

estimated to exceed its cancer benchmark in two-thirds of the urban tracts from mobile 

source emissions alone. The results shown in Table 11 for particulate HAPs are 

attributable to estimated emissions fiom diesel vehicles (for arsenic, chromium,and 
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nickel, based OR speciation data in the technical literature (Hildemann et al. 1991; and 

commercial marine vehicles powered by residual oil (for cadmium and nickel). 

The results presented in Tables 9, 10 and 11 consider the impacts of area, point and 

mobile sources in isolation. For some HAPS,only one of these source category groups 

appears to account for most of the benchmark exceedances, while for other HAPSthe 

contributions of two or all three of the source category groups are very significant. Table 

12 compares the number of estimated exceedances from modeled concentrations for each 

of the three broad source category groups alone (fiomTables 9-1 l) ,  along with 

exceedances for all source categories and background concentrationscombined (fiom 

Table 7). This comparison is shown for each of the 38 HAPSwith estimated exceedances 

in more than 50 urban census tracts. H A P S  are listed in order of the number of 

benchmark exceedances resulting fiom modeled area source emissions only. 

Table 12 shows that modeled concentrations of 1,3-butadiene from area sources alone 

exceed the cancer benchmark concentration for this H A P  in almost every urban census 

tract, and that the same is also true of modeled mobile source concentrations for this 

HAP.  This suggests that emissions from both area sources and mobile sources would 

have to be reduced in order to realize urban concentrationsof 1,3-butadienethat are lower 

than thisHAP’S cancer benchmark concentration. This finding also applies to acrolein, 

benzene, formaldehyde, and chromium compounds, since each of these HAPSalso exceed 

benchmark concentrationsfrommodeled area sources alone and from modeled mobile 

sources alone in nearly every urban census tract. Each of these pollutants also has 
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smaller, but still significant, contributions from point sources. A different finding applies 

to 1,3-dichloropropene. Modeled concentrationsof this HAP from area sources alone 

(consumer lawn care products) also exceed the benchmark concentration in nearly every 

urban census tract, but there are no estimated emissions of this HAP fiom mobile sources, 

and minimal contributions from point sources. 

Table 12 also shows that vinyl chloride and p-dichlorobenzene each have modeled 

concentrations fiom estimated area source emissions alone that exceed benchmark 

concentrations in more than35 percent of urban census tracts. Both pollutants have 

smaller estimated contributions from other source types. For both of these pollutants, 

however, the number of benchmark exceedancesresulting fiom area source emissions 

may be overstated due to uncertainties in the emissions inventory; estimated area source 

chemical manufacturing emissions of these pollutants have high uncertainties and may be 

overestimates. 

The benchmark exceedances for most ofthe other pollutants in Table 12 appear to be due 

to the combined contributions of area sources and point sources, with significant 

contributions for some HAPS from mobile sources (nickel compounds, arsenic 

compounds, and particularly acetaldehyde) and from background concentrations. For the 

last nine W s  listed in the table, benchmark concentrations are exceeded in fewer than 

500 hundred urban census tracts each, and these exceedances are due almost entirely to 

* . 
>emissions from point sources. 
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A correlation analysis of the number of benchark exceedances for each source category 
.._ 

group and the total number of exceedances, for the set of HAPS in Table 12, shows that 

exceedances from area sources are most strongly correlated with total exceedances. The 

relationship between the exceedances from area sources and the total, while controlling 

for mobile sourccs and point sources, is a correlation of 0.68 (I)EO.OOOl). The conelation 

between the exceedances from the point sources and the total, while controlling for the 

area and mobile sources is 0.48 (~~0.0001).The relationship between the exceedances 

from mobile sources and the total, while controlling for the area and point sources, is a 

correlation of 0.14 (p=0.0001). This indicates that the exceedances from area sources 

have the strongest association with total exceedances, and that there is also an important 

contribution from point sources. Mobile source exceedances do not appear to be 

associated with total exceedances when considering the full set of HAPS in Table 12. As 

discussed above, mobile source cantibutions are very important for several individual 

HAPS;but for HAPSwith large mobile source contributions, there are also large 

contributions from area sources. 

LlMITATIONS AND UNCERTAINTIES 

The analysis presented in this chapter uses available emissions data, modeling techniques 

and hazard evaluation data to estimate the frequency with which long-term average 

concentrationsof hazardous air pollutants at the census tract level may be greater than 

benchmark concentrations. While modeled concentrations are subject to uncertainties 

arising fiom both emissions estimates and the modeling methodology, the available 

monitoring data support the conclusion that exceedances of benchmark concentrationsare 
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common. For example, several sources of long-term monitoring data for benzene and 

1,3-butadiene show that measured concentrationsroutinely exceed benchmark 


concentrations (California Air Resources Board 1995; New York State 1993; Texas 


Natural Resource Conservation Commission 1997). 


4.1 Emissions Estimates 


The majority of H A P  emissions estimates used in this study were developed through the 


application of speciation profiles to the 1990 base year national interim emissions 


inventories for VOCs ( 1  993 version) and particulate matter (PM) (1 995 version). The 


speciation methodology starts witha large data set-national emissions of total VOCs 


and PM-and breaks it down into relevant component parts, i.e. emissions of each of the 


HAPS. The strength of this approach is in its comprehensive coverage of sources and in 


applying a consistent methodology nationally. Uncertainties in this approach are due to 


uncertainties in the VOC and PM inventoriesand in the speciation profiles used to 


estimate the HAP components of the VOC and PM emissions. 


Another approach to estimating national HAP emissions for a modeling study is to 


assemble a variety of different data sources that each address a particular set of HAP 


emitters (source categories) or a particular geographic area. The strength of this approach 


is that it frequently has more detailed emissions estimation methodologies. Uncertainties 


in this approach are due to possible inconsistencies that are introduced by combining data 


fiom disparate sources, and the potential for overlooking importantemitters. 
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-- An important goal for the modeling portion of this study was to approximate actual 

outdoor concentrationsof air toxics in 1990. Therefore, key objectives included 

comprehensive treatment of emissions and emissions sources, and a consistent approach 

applicable to the entire continental U.S.The speciation approach to emissions inventory 

development was chosen for this study because it was the best approach available for 

developing a comprehensive national modeling emissions inventory within budget and 

time constraints. 

In 1997, EPA released its 1990 National Emission Trends (NET) inventory (US. 

Environmental Protection Agency 1997). This inventory is a revised version of the 1990 

interim inventones for VOC and PM used in this study. National emissions totals in the 

NET inventory are lower than in the interim inventories by 33 percent for VOC emissions 

and 42 percent for PM. General reductions in VOC and PM emissions would suggest 

general reductions in the emissions of toxics estimated for this study. However, many of 

the large reductions in the VOC and PM emissions estimates are concentrated in source 

categories for which the interim inventory VOC and PM estimates were not used in this 

study. These categories include: chemical manufacturing and other manufacturing point 

sources (1990 TIU data were used instead for this study); waste treatment, storage and 

disposal facilities (alternate EPA data source (Coburn 1995) used instead for this study); 

and PM area source dust emissions for paved and unpaved roads, wind erosion 

construction, geogenic wind erosion, and agricultural crops tilling (emissions for these 

categories were not included in this study because of high uncertainties). In addition, the 

NET inventory reflects increases of 3646 percent, compared with the interim inventory 
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used for this study, in PM emissions from point sources and nondust area sources. More 
_-


detailed analysis of the differencesbetween the interim inventory and the NET inventory, 

and their relationship to the emissions estimates used in this study, may be found in 

Chapter 3 of the modeling technical report (Rosenbaum et al. 1998). 

Development of W emissions estimates from VOC and PiM emissions estimates 

requires the application of speciation profiles. The primary source of many of these 

profiles is EPA’s SPECIATE database (US.Environmental Protection Agency 1992). 

Previous studies have noted problems with specific profiles in the SPECIATEdatabase 

(Harley et al. 1992; Korc and Chinkin 1993; Ligocki et al. 1992). As a result, profiles 

from SPECIATE were supplementedor revised using numerous other data sources in the 

technical literature. These profiles are detailed in Attachment 3 of the modeling technical 

report (Rosenbaum et al. 1998). 

Some of the remaining uncertainties in the emissions inventory used in this study may be 

particularly important for the development of strategies for reducing risks from area 

sources. First, there are eight pollutants-1,1,2,2-tetrachloroethae, acrylamide, bis(2

ethy1hexyI)phthdate;ethylene dibromide,hydrazine, methylene diphenyl diisocyanate, 

quinoline, and vinylidene chloride--withno area source emissions estimates in this study, 

but which do have area source emissions in the emissions inventory for 40 HAPSrecently 

developed as part of the urban area source program. These area source emissions could 

result in exceedances of benchmark concentrations that have not been estimated in this 

study. Second, this study’s emissions inventory has relatively high contributions for area 
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source chemical manufacturing and pharmaceutical manufacturing for several HAPS, 

including acrylonitrile, vinyl chloride, ethylene dichloride, chloroform, carbon 

tetrachloride, and ethyl acrylate. Both the VOC emissions estimates and the speciation 

profiles for this categories have large uncertainties--possibly resulting in the 

overestimation of benchmark concentration exceedances resulting from area source 

emissions for these HAPS. 

The comparison of impacts fiom area sources, point sources, and mobile sources 

presented in this chapter also has uncertainties attributable to the definition of an “area 

source.” As noted above, the area source definition used in constructing the emissions 

inventory for this analysis is not equivalent to the statutory definition of area source in 

CAA section 112. Some emissions treated as area source emissions in this analysis may 

actually be associated with section 112 major sources rather than section 112 area 

sources. An evaluation of the emissions inventory compiled for this study found that 

more than 70 percent of the estimated area source emissions are associated with 

categories which almost certainly are not Ck4 section 1 12 major sources, such as 

agricultural sources, dry cleaners, consumer and commercial products, and residential 

fuel combustion. However, significant portions of the area source emissions estimates for 

some other source categories, such as chemical manufacturing, petroleum refining, oil 

and gas production, and industrial surface coating, may be attributable to emitters which 

would be classified as major sources under section 112. Consequently, the relative 

contributions of area sources to benchmark exceedances in this analysis may be greater 

than the contributions of emitters defined as area sources under section 112. 
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-- 4.2 Modeled Concentrations 

Comparison of modeled concentrations to the available monitoring data for air toxics 

indicates that the model estimates have an overall tendency to underestimate measured 

concentrations (Rosenbaum et al. 1998). A ratio of the modeled concentration to the 

monitored concentration was calculated for a total of 736 annualaveraged monitored 

concentrations, obtained for 19 HAPS at 81 monitoring locations. The geometric mean of 

the set of model-monitor ratios is 0.53, and 73 percent of the ratios are less than one. As 

described in Section 2.1.4 above, only monitoring data sets with measurements below the 

minimum detection level (h.IDL, or “non-detect level”) totaling less than 10percent of 

measurements taken in a year were used in this quantitative model performance 

evaluation. 

It is possible that the findings of an overall tendency to underestimate are biased by the 

exclusion of measurement data sets dominated by observations below the non-detect 

Ieve!, since the data sets eliminated will tend to be those with lower concentrations. To 

test this hypothesis, additional model-monitor comparisons were conducted for the 13 

HAPSmeasured in the UrbanAir Toxics Monitoring Program with measurements 

dominated by individual observations below the non-detect level (this analysis is 

described inAttachment 5 of the modeling report (Rosenbaum et al. 1998)). For these 

non-detect data sets, the modeled concentration was compared to a range of possible 

concentrations, which was calculated by assigning two values to each measurement 

below the non-detect level: a lower bound of zero, and an upper bound of the non-detect 

level itself. 
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For these more qualitative model-monitor comparisons, the modeled concentrations were 
... 

lower than the lower bound of the possible monitored concentration range-an indication 

of model underestimation-in 57 percent of the 156 cases. The modeled concentrations 

were greater than the upper bound of the possible monitored concentration range-an 

indication of model overestimation-in 14 percent ofthe cases. The modeled 

concentrations were between the lower bound and the upper bound of the range in 29 

percent of the cases, offering no clear information about the comparison between 

modeled and monitored concentrations. The high frequency of cases in which the 

modeled concentration is lower than the lower bound of the possible range of modeled 

concentrationsis consistent with the conclusion that the general tendency is for the 

modeled concentrationsto underestimate concentrations found by monitoring. 

The tendency to underestimate outdoor concentrations of air toxics could result in 

underestimation of the frequency with which benchmark concentrations are exceeded. In 

addition, the modeled concentration outputs do not capture spatial or temporal peak 

concentrations that could be significant. The modeling approach used for this study 

estimates annual average concentrations at the census tract level. A census tract average 

concentration will not reflect areas within a census tract, such as locations close to a 

stationary source or a major roadway, which may have concentrations substantially 

greater than the average across the census tract. Also, a long-term average concentration 

will not reflect short-term elevated concentrations that may also have important health 

effects. Consequently, a HAP concentration modeled in this study which is less thana 

benchmark concentration for the HAP does not mean that the benchmark is never 
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-- exceeded within that census tract; consideration of alternate spatial and temporal scales 

could potentially identify additional benchmark exceedances. 

In addition, the analysis in this chapter only presents the frequency with which 

benchmark concentrationsare exceeded, and does not consider the magnitude of 

exceedance. A HAP which exceeds its benchmark concentration in a relatively small 

number of census tracts may exceed that benchmark by a large magnitude, and therefore 

may pose a greater potentid risk than another HAP which exceeds its benchmark in more 

tracts but with a small magnitude of exceedance. 

4.3 Benchmark Concentrations 

For this study, a set of benchmark concentrations was compiled from a number of data 

sources, as described in Caldwell et a1 (Caldwell et al. 1998). Benchark  concentrations 

represent an estimated concentration at which a lifetime daily exposure is unlikely to 

result in adverse health effects, based on available hazard assessment data. 

The benchmark concentration for cancer hazard is derived from the unit risk, an upper-

bound estimate of the excess cancer risk over background incidence associated with a 

continuous lifetime exposure. Factors including use of sensitive animal strains, tumor 

sites of uncertain human relevance, and linear extrapolation to low doses can contribute 

to uncertainty in estimating the risk in human population (Cogliano 1997). Differences in 

the pharmacokineticsof pollutants between exposure routes and species are expected, and 
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can have influence on extrapolation of observed responses in animals and humans C.S. 
_r 

Environmental Protection Agency 1994b). 

This analysis emphasizes the inhalation route of exposure as benchmark concentrations 

were applied to modeled ambient air concentrations. However, health effects 

information is not always available for the inhalation route of exposure. For cancer 

benchmarks, extrapolations were needed to use available information from other routes 

of exposure. When extrapolating between two different routes of exposure (e.g., 

inhalation vs. oral), a number of factors are important for determining the association 

between a specific dose and the degree of toxic response engendered by a pollutant. 

These factors include differences by route of exposure in (1) tissue distribution, (2) rate 

of delivery leading to differing concentration profiles, (3) degree of metabolism, and 

(4) response caused by an agent at its site of action across species and among target 

tissue. 

How such uncertainties affected the application of dose-response information for this 

type of analysis is not clear ( U . S .  Environmental Protection Agency 1994b). However, 

in limited comparisons of differences between oral and inhalation dose routes, Pepeho 

concluded that the carcinogenic potencies are not substantially influenced by dose route 

(Pepelko 1990). However, the use of information extrapolated from oral to the 

inhalation route of exposure involves greater uncertainty than using that based on the 

inhalation route. This uncertainty is addressed by assignment of cancer benchark 

concentrations based on extrapolated data to Tier II rather than Tier I. 
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Benchmrks representing noncancer risks from long-term exposure make use of USEPA 

Reference Concentrations( W s )  or similar values representing nonccancer inhalation 

risks developed by other agencies. The RfC is by definition an estimate with an 

uncertainty spanning perhaps an order of magnitude. Although severity of effect is 

considered in the development of RfCs, there is no numerical adjustment for severity. 

Considerations of uncertainty are numerically represented in the derivation of RfCs to 

account for differencesin human sensitivity, extrapolation from animalsto humans, 

length of study, use of an observed rather thannon-observed effect level, and 

completeness of the database. These uncertainties are address by use of conservative 

safety factors in derivation of the RfC; however, an RfC is not derived when it is 

determined that the uncertainties are too great ( U . S .  Environmental Protection Agency 

1990). 

In this study, only data on health effects via the inhalation route of exposure were .wedin 

establishing noncancer benchmark concentrations. No benchmarks for noncancer effects 

were developed through extrapolation from data for the oral route of exposure; oral 

studies are limited as indicators of non-cancer inhalation toxicity because of factors 

such as portal of entry effects and liver "first-pass effects," as well as lack of 

consideration of dosimetric considerations (v.S. Environmental Protection Agency 

1994b). For HAPS with no EPA inhalation RfCs, California EPA reference exposure 
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levels (RELs) and ATSDR minimal risk levels (MRLs) were used and assigned to Tier -

11. 

Limitations in the availability of toxicity data for HAPs must be considered when 

assessing potential health impacts of these polhants. Approximately 20 percent of the 

modeled H A P S  with a weight of evidence indicating potential carcinogenicity do not have 

a cancer potency estimate and half do not have a benchmark concentration for noncancer 

health effects (Caldwell et al. 1998). Seventeen of the HAPs considered in this analysis 

have either an EPA weight-ofevidence determination as known,probable or possible 

human carcinogens or a recent National Toxicology Program study reporting clear 

evidence of animal carcinogenicity, but do not have carcinogenic potency estimates. For 

example, styrene is considered to be a possible (Group C) human carcinogen, but because 

it has no potency estimate, it was not possible to determine the frequency withwhich 

modeled styrene concentrationsexceed a b e d m a r k  concentration. If styrene were 

assigned a default potency estimate that is consistent with other Group C carcinogens, 

modeled concentrations in a number of census tracts would exceed the benchmark 

concentration. 

Even for some of the ubiquitous pollutants identified in this analysis, there is incomplete 

toxicity information. For example, benzene and 1,3-butadiene have both been associated 

with reproductive and developmental effects (U.S.Environmental Protection Agency 

1994b),but currently have no benchmark concentration for such effects. In addition, 29 

of the 148 W s  included in this study have no Tier I or Tier I1 benchmark 
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concentrations for any effects even though there are previous studies indicating some of 
-_ 

these HAPS are of potential health concern (U.S. Environmental Protection Agency 

1994b). For example, n,n-dimethylanilineis ranked by EPA as being of high concern for 

noncancer effects, but quantitative hazard information is not available. 

Another limitation in the toxicity information for the HAPSis in hazard evaluation for 

chemical groups. Outdoor concentrations were modeled for 14 HAP chemical groups. It 

is difficult to assess the toxicity of chemical groups, because they are comprised of a 

number of different species. For example, the HAP listed as "mercury compounds" is 

made up of several different constituents, including mercuric chloride, elemental 

mercury, mercuric nitrate, and mercury (aceto) phenyl, all with potentially different levels 

and types of toxicity. Also, the toxicity of the individual members of the polycyclic 

organic matter (POW category varies significantly. This category is very broad and the 

toxicity of many of its members has not been characterized. However, many studies have 

shown the potential carcinogenic potency of polycyclic aromatic hydrocarbons-a subset 

of the POM category-to be large (U.S. Environmental Protection Agency 1993a). 

Assignment of an appropriate benchmark to this category depends on the extent to which 

'particular POM constituents contribute to overall POM concentrations; differing 

assignments of hazard potential estimates for POM may profoundly affect estimates of 

the health risk posed by HAPS. 

A further limitation of thisanalysis is that it only considers the potential health impact of 

individual pollutants. Additive or synergistic interactions among W s  may pose a threat 
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to public health beyond that identified in this chapter. HAP concentrations that are less 

than benchmark concentrations may pose a risk to health when they are considered in 

combination with concentrations of other HAPS. Currently, too little is known about how 

pollutants interact to fully evaluate the potential health risks posed by exposure to 

multiple HAPS at concentrations below toxicity benchmarks. 
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Surrogate far emissions 
at census tract level 
Population 

1Population density 

Roadway miles 

Combination of  

Population and roadway 

miles 

Railway miles 

Residential land 

Commercial land 


Industrial land 


Residential and 

commercial land 

Commercial and 

industrial land 

Combination of 

population and 

commercial land 

Utility land 

Farmland 

Orchard land 

Agricultural land 

Rangeland 

Forest land 

Rangeland and forest 

land 

Mining and quarry land 

Water 


Emissions source categories 
Residential heating; architectural coatings; consumer 

products; non-industrial pesticide application; gasoline 

service stations; stricture fires 

Recreational vehicles; construction and construction 

equipment; aircraft; landfills; wastewater treatment 

Aspha1t application 

On-road mobile source emissions 


Railroads 

Lawn and garden equipment 

Commercial and institutional fuel combustion; commercial 

equipment; dry cleaners; commercial and institutional 

incinerators and landfills 

Industrial fuel combustion; industrial equipment; chemical 

manufacturing; metal production and products; wood, rubber 

and plastics products; industrial coatings; degreasing and 

solvent utilization; chemical and fuel bulk stationdterminals 

and pipelines; incineration 

Non-industrial asphalt roofing 


l 
Petroleum and petroleum products storage and transport 


Non-industrial solvent uses 


Electric utility fuel combustion 

Farm equipment; agricultural field buming 

Orchard heaters 

Agriculture production 

Oil and gas production 

Logging equipment; forest wildfxes 

Prescribed burning 


Mining and quarrying 

Marine vessels 
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Table 2. Estimated background concentrations of 28 hazardous air poilutants. 
Pollutant Background 

- Concentration 

3enzene 

3is(2-ethylhexyl) phthalate 

Bromoform 

Carbon disulfide 

Carbon tetrachloride 

Carbonyl sulfide 

C’hlordane 

Chloroform 

Dibutylphthalate 

Dioxins/furans (toxicity equivalents) 

Ethylene dibromide 

Ethylene dichloride 

Formaldehyde 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachloroethane 

Lindane 

Mercury compounds 

Methyl bromide 

Methyl chloride 

Methyl chloroform 

Methyl iodide 

Methylene chloride 

Phosgene 

Polychlorinated biphenyls 

Tetrachloroeihylene 

Trichloroethylene 

Xylene 


tPdd 
0.48 
1.60 
0.021 
0.047 
0.88 
1.2 
9.9E-06 
0.083 
0.0010 
15e-08 
0.0077 
0.061 
0.25 
9.3E-05 
0.00 18 
0.0048 
0.00025 
0.0015 
0.039 
1.2 
1.1 
0.012 
0.15 
0.06 1 
0.00038 
0.14 
0.081 
0.17 
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Monitoring Program 

California Air Resources Board 

Ambient Toxics Network (1990) 


San Francisco Bay Area Air Quality 

Management District ( I  990) 

South Coast Air Quality Management 

District (CA) (1990) 

Houston Regional Monitoring 

Corporation and South East Texas 

Regional Planning Commission 

(1990) 

New York State Ambient Toxic Air 

Monitoring Network (1 990) 

Staten IslandINew Jersey Urban Air 

Toxic Assessment Project (1 988 

1989) 

Maryland Department of 

Environment, Baltimore City (1 99 1 

and 1992) 

Urban Air Toxics Monitoring Program 

(UATMP) ( I  990 and 1991) 


Number of Number of Hazardous 
Mooitoring Air Pollutants' 

Sites 
20 14 

15 8 
I 1 

4 11 

10 I 10 I 

3 7 

5 13 

12 10 
J 

Excludes HAPSin these programs for which measurements were dominated by values 
below the minimum detection level, and which therefore were not used for comparisons. 
Other pollutants not included in this study are also sampled in some of these programs. 
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Table 4. Population and area statistics for census tracts in the continental U.S. 

I - Population Land Area (sq km) 
Percentile Urban Rural All Urban Rural All 

Census Census Census Census Census Census 
Tracts' Tracts Tracts Tracts Tracts Tracts 

1 526 0 0 0.1 0.003 0.01 
5 1354 143 739 0.2 1.3 0.2 
10 1849 1073 1492 0.3 4.6 0.6 
25 2747 2381 2560 0.9 12 I .7 
50 3897 3637 3762 I .8 49 6 
75 5378 5090 5230 3.1 212 60 
90 7105 6763 693 1 5 513 295 
95 8338 7979 8143 6 942 543 
99 1I653 11407 11523 10 3084 2155 

Mean 4283 3888 4072 2.3 243 131 

Total 121 MM 126 MM 247 MM 0.07 MM 7.85MM 7.92 MM 

Number of 28,3 14 32,354 60,668 28,3 14 32,354 60,668 
Census1 Tracts 
MM = million 

'Urban census tracts are defined as those withpopulation density of 750 or more people per 
square kilometer. Table excludes 135 census tracts with no population arid no area. 
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monitored annual average concentrations, for HAPS with available monitoring data. 
Pollutant Number of Geometric mean Geometric standard 

Acetaldehyde 

Benzene 

1,3-butadiene 

Carbon tetrachloride 

Chloroform 

Ethylbenzene 

Formaldehyde 

Hexane 

Methanol 

Methyl chloride 

Methyl chloroform 

Methylene chloride 

p-dichlorobenzene 

Styrene 

Tetrachloroethylene 

Toluene 

Trichloroethylene 

2,2,4-trimethylpentae 

Xylene 

OVERALL 


sites of ratios deviation 
of ratios 

32 0.37 2.04 
81 0.69 1.92 
20 0.27 1.72 
63 1.03 1.42 
44 0.62 1.78 
24 0.50 2.04 
34 0.74 2.28 
2 1.30 1.51 
4 0.14 2.03 
5 1.03 1.15 
70 0.77 2.18 
29 0.20 2.12 
25 0.22 2.50 
25 0.10 3.00 
67 0.42 2.81 
81 0.47 2.06 
60 0.96 3.82 
9 0.80 1.82 

61 0.48 2.02 
736 0.53 2.63 
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Table 6. Classification of HAP healh effects information for comparison with estimated 
outdoor concentrations’. 

Health Effect Tie+ Number Health Effect Value 

Cancer‘ I 

I1 


Noncancer- I 
chronic4 

I1 

Noncancer- I 
Acute’ 

I1 

of HAPS 
with value 

40 EPA inhalation unit risk for carcinogenicity 

37 	 EPA oral unit risk for carcinogenicity, expressed in 
inhalation units; California EPA inhalation h t  risk 
estimate 

33 EPA inhalation reference concentration 

57 	 EPA provisional reference concentration; California 
EPA reference exposure level; Agency for Toxic 
Substancesand Disease Registry minimum risk level 

1 	 EPA inhalation reference concentration 
(developmental) 

15 EPA LOU1000 

’ See Attachment 1 for benchmark concentrations for each HAP.Development of 
benchmark concentrations is described by Caldwkll et al. (1 998). 

2Thetiers indicate the level of priority for use of toxicological data. Tier I representsthose 
values with the most consistency in derivation and highest level of peer review 

The pollutant groups arsenic, beryllium, cadmium, chromium, lead, and nickel 
compounds have each been assigned a single cancer benchmark concentration applicable-
to the entire group. Other HAPs With cancer benchmarks are individual pollutants. 

4Thepollutant groups manganese, cadmium, cobalt and selenium compounds have each 
been assigned a single chronic benchmark concentration applicable to the entire group. 
Other HAPs with chronic benchmarks are individual pollutants. 

’The pollutant group chromium compounds has been assigned a singie acute benchmark 
concentration applicable to the entire group. Other Hkps  with acute benchmarks are 
individual pollutants. 
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Table 7. Excecdances of benchmark concentrations in urban and rural census tracts, for 
HAPS with exceedances in more than 50 urban census tracts. 

_- Percentage of Percentage of Type of Benchmark 
Urban Census Rural Census 

Tracts Tracts 
Pollutant Exceeding Exceeding 

Benchmark’ Benchmark’ 
Cancer Chronic 

~ 

Tier I Tier I1 Tier I Tier I1 
Benzene 100 100 X 
Bis(2-ethylhexy1)phthalate IO0 I 00 X 

Carbon tetrachloride 100 100 X 

Chloroform 100 100 X 

Ethylene dibromide 100 100 X 

Ethylene dichloride 100 100 X 

Formaldehyde2 100 100 X 

Methyl chloride 100 I 00 X 

Butadiene (1,3) >99 95 X 

Acrolein3 3.99 84 X 

Chromium compounds4 >99 80 X 

Dichloropropene (1,3) 96 27 X 

Acetaldehyde 86 28 X 

Arsenic compounds 77 23 X 

Nickel compounds 57 19 X 

Vinyl chloride 53 16 X 

p-dichlorobenzene 37 5 X 

Acrylonitrile 30 10 X 

Trichloroethylene 28 6 X 

Cadmium compounds 23 7 X 

Dioxinsffurans 22 4 X 

Lead compounds 20 3 X 

Tetrachloroethylene 6 I X 

Ethylene oxide 3 0.8 X 

Methylene chloride 2 1 X 

Ethyl acrylate 2 0.8 X 

Hydrazine 1 0.5 X 

Quinoline 1 0.5 X 

Hexachlorobenzene 1 0.4 X 

Methylene diphenyl 0.8 0.2 X 

diisocyanate 
Manganese compounds 0.7 0.4 X 

Propylene dichloride 0.7 0.2 X 

Acrylamide 0.5 0.2 X 

Heptachlor 0.4 0.3 X 

Trichloroethane (1,1,2) 0.4 0.1 X 

Bentotrichloride 0.3 0.4 X 

PCBs 0.2 0.1 X 

Hexachlorocyclopentadiene 0.2 4 . 1  


I 


cute 

__. 

X 


census tracts. 
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'Fomatdehyde also exceeds a chronic toxicity Tier I1 benchmark in 1 1% of urban census 
tracts and 2% of rural census tracts. 

3AcroIein also exceeds an acute toxicity Tier I1 benchmark in I %  of urban census tracts 
and 1 % of rural census tracts. 

1Chromium also exceeds a chronic toxicity Tier I1 benchmark in 2890 of urban census 
tracts and 6% of m a l  census tracts, and exceeds an acute toxicity Tier I1 benchmark in 
0.1% of urban census tracts and 0.1% of rural census tracts. 
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Pollutant 

Benzene 


Bis(2-ethylhexyl) phthalate 


Carbon tetrachloride 


Chloroform 

Ethylene dibromide 


Ethylene dichloride 


Formaldehyde 


Methyl chloride 


Cancer Percentage of Census 
Background Benchmark Tracts with Exceedances, 

Concentration Concentration Disregarding Background’ 
(uglm’) (ug/m’) 

Urban Rural 


0.48 0.12 >99 87 


1.6 0.25 <o. 1 <o. 1 


0.88 0.067 3 2 


0.085 0.043 8 8 


0.0077 0.0045 2 1 


0.061 0.038 32 11 


0.25 0.077 >99 90 


1.2 0.56 0.2 0.2 
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Table 9. Exceedances of benchmark concentrations from area source concentrations in 
urban census tracts. 

_- Percentage of Urban 
Census Tracts Type of Benchmark 

Pollutant With Benchmark 
Exceedance' 

_ _  

Butadiene( 1,3) 

Acrolein 

Benzene 

Formaldehyde 

Dichloropropene (1,3) 

Chromium compounds 

Vinyl chloride 

p-dichlorobenzene 

Nickel compounds 

Ethylene dichloride 

Acrylonitrile 

Arsenic compounds 

Acetaldehyde 

Trichloroethylene 

Cadmium cornpounds 

Lead compounds 

Tetrachloroethylene 

Chloroform 

Carbon tetrachloride 

,Ethylacrylate 

IMethyIene chloride 

Dioxins/Furans 

Manganese compounds 

Ethylene oxide 

Chloroprene 

Propylene dichloride 

Hydrochloric acid 

Methyl tert-butyl ether 

Maleic anhydride 

Beryllium compounds 


Cancer Chronic 
~ -.


'ier I Tier I1 ier I Tier 11 

99 X 
99 X 
98 X 
98 X 
96 X 
90 X 
50 X 
36 X 
34 X 
27 X 
25 X 
23 X 
19 X 
15 X 
9 X 
4 X 
3 X 
2 X 
2 X 
1 X 
0.5 X 
0.2 X 
0.2 X 
0.1 X 
0.1 X 
0.1 X 

<0.1 X 
< 0.1 X 
< 0.1 
< 0.1 X 

'Number of urban census tracts = 283 14 
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Pollutant 

Chloroform 

Cadmium compounds 

Lead compounds 

Acetaldehyde 

Ethylene oxide 

Ethylene dibromide 

Trichloroethylene 

Hydrazine 

Quinoline 

Hexachlorobenzene 

Methylene diphenyl diisocyanate 

Propylene dichloride 

Methylene chloride 

Carbon tetrachloride 

Acrylamide 

Heptachlor 

Tetrachloroethylene 

Manganese compounds 

Trichloroethane(1,1,2) 

p-dichlorobenzene 

Bemotrichloride 

Hexachlorocyclopentadiene 

Methyl chloride 

'Thistable shows the percentage 


Percentage of 
Urban Census Type of Benchmark 
Tracts With 
Benchmark 
Exceedance' 

Cancer chronic 
Yier I Tier I1 her I Tier 11 

79 X 

26 X 

25 X 

23 X 

15 X 

12 X 

10 X 

7 X 

7 X 

6 X 

5 X 

5 X 

4 X 

4 X 

3 X 

2 X 

2 X 

2 X 

1 X 

1 X 

1 X 

0.8 X 

0.6 X 

0.6 X 

0.5 X 

0.5 X 

0.4 X 

0.4 X 

0.4 X 

0.4 X 

0.3 X 

0.3 X 

0.2 

0.1 X 


Acute 

X 


-urbancensus tracts with benc mark concentration 
exceedancesresulting from estimated point source concentrations, for 34 HAPs with point 

source exceedances in more than 50 urban census tracts. An additional 29 HAPs, not 

shown in this table, have exceedances from point source concentrations in fewer than50 
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urban census tracts. Eighteen out of these 29 have exceedances in fewer than 10 urban 

census tracts. 

'Number of urban census tracts = 283 14 
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Table 1 1.  Exceedances of benchmark concentrationsfrom mobile source concentrations in 
urban census tracts 

_ - 	 Percentage of Type of Benchmark 
Urban Census 
Tracts With 

PoI I utant Benchmark 
Exceedance' 

Cancer chronic 

rier I Tier I1 her I Tit 

Butadiene( 1,3) > 99 X 

Formaldehyde > 99 X 

Benzene > 99 X 

Acrolein > 99 X 

Chromium compounds 95 X 

Acetaldehyde 66 X 

Arsenic compounds 23 X 

Nickel compounds 5 X 

Lead compounds 0.1 X 

Cadmium compounds < 0.1 X 
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Table 12. Exceedances of benchmark concentrations in urban census tracts, by source category 
group, for HAPS with estimated exceedances in more than 50 urban census tracts. 

..-

POLLUTANT 
Butadiene( 1,3) 
Acrolein 
Benzene’ 
Formaldehyde’ 
Dichloropropene (1,3) 
Chromium compounds 
Vinyl chloride 
p-dichlorobenzene 
Nickel compounds 
Ethyiene dichloride’ 
Acrylonitrile 
Arsenic compounds 
Acetaldehyde 
Trichloroethylene3 

admium compounds 

Carbon tetrachloride’ 

Manganese compounds 

Propylene dichloride 

HexachI~robenzene~ 

Trichloroethane (1,1,2) 
Benzotsichloride 

Percentage of Urban Census Tracts 
Exceeding Benchmark Concentrations 

Area Point Mobile Total‘ 
Sources Sources Sources 

99 10 >99 >99 
99 6 799 >99 
98 25 >99 100 
98 15 >99 100 
96 <o. 1 0 96 
90 79 95 >99 
50 7 0 53 
36 0.3 0 37 
34 26 5 57 
27 7 0 100 
25 5 0 30 
23 23 23 77 
19 3 66 86 
15 2 0 28 
9 4 <o. 1 23 
4 4 <o. 1 20 
3 0.4 0 6 
2 5 0 100 
2 0.5 0 100 
1 0.1 0 2 
0.5 0.6 0 2 
0.2 12 0 22 
0.2 0.4 0 0.7 
0.1 2 0 3 
0.1 0.6 0 0.7 
0 2 0 100 
0 0.2 0 100 
0 <o. 1 0 100 
0 0.1 0 0.2 
0 1 0 1 
0 1 0 1 
0 1 0 1 
0 0.8 0 0.8 
0 0.5 0 0.5 
0 0.4 0 0.4 
0 0.4 0 0.4 
0 0.3 0 0.3 

IHexachlorocvclopentadiene 0 0.2 0 0.2 
r .

’1Percentage of urban census tracts with modeled concentrationsexceeding benchmarks, 
considering combined contributions from all source categoriesand frombackground. 
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2Pollutants with estimated background concentrations greater than benchmark concentrations. 
3Pollutants with estimated background concentrations greater than zero but less than benchmark 
concentrations. 
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Figure 2 

ASPEN predictions vs observations 


5 Baltimore sites, 13 HAPS 
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Attachment 1 

Benchmark Concentrations ( u g h 3 )  for  Hazardous Air Pollutants 


HAP 

4cetaldehyde 

4cetamide 

Acetonitrile 

Acetophenone 

Acrolein 

Acrylamide 

Acrylic acid 

Acrylonimle 

Allyl chloride 

Aniline 

Gnisidine 

Antimony compounds 

Arsenic compounds 

Benzene 

Bemotrichloride 

Benzyl chloride 

Beryllium compounds 

Biphenyl 

Bis(2-ethylhexy1)phthdate 

Bis(chloromethy1)ether 

Bromoform ' 


Butadiene( 1,3) 

Cadmium compounds 

Calcium cyanamide 

Captan 

Carbaryl 

Carbon disulfide 

Carbon tetrachloride 

Carbonyl sulfide 

Catechol 

Chloramben 

Chlordane 

Chloroacetic acid 

Chlorobenzene 

Chlorofonn 


0.02 1.i 

1 
2 
1 
1 

0.' 
5.: 

0.0048 

71 

8.0 
3.5 


700 
2.4 

0.018 

70 
35 
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Tier 1 Tier2 

:I 
0.00077 

0.015 
0.17 
0.63 

. 0.025 

0.00023 
0.12 

. 0.00028 
0.02 

0.00042 

0.25 
0.OOOO16 

0.91 
.0036 

0.00056 
.. 

1 

0.067 

0.0027 

0.043 1 

163 




HAP 

Chloromethyl methyl ether 
Chloroprene 
Chromium compounds 
Cobalt compounds 
Cresol 
Cumene 
Cyanide compounds 
D(274) 
Dibutylphthalate 
Dichlorobenzidene(3,3') 
Dichloroethyl ether 
Dichloropropene( 1,3) 
Dichlorvos 
Diethanolamine 
Diethyle sulfate 
Dimethoxybenzidine(3,3') 

Dimethyl formamide 
Dimethyl hydrazine( 1,1) 
Dimethyl phthalate 
Dimethyl sulfate 
dinitro-o-cresol(4,6) 
Dinitrophenol(2,4) 
Dinitrotoluene(2,4) 
dioxane(1,4) 
Epichlorohydrin 
Epoxybutane(1,2) 
Ethyl acrylate 
Ethyl carbamate 
Ethyl chloride 
Ethylbenzene 
Ethylene dibromide 
Ethylene dichloride 
Ethylene glycol 
Ethylene oxide 
Ethylene thiourea 
Ethylidenedichloride 
Formaldehyde 
Glycol ethers 

Chronic Chronic Acute Cancer Cancer 
Toxicity Toxicity Toxicity Tier 1 Tier2 
Tier 1 Tier2 

1.E 0.0014 
1 

0.00; 0.0: 0.000083 
0.005( 

18( 

0.0073 
0.003 

20 0.027 
0.50 0.012 

0.0067 

30 

0.022 0.0004 

5 
0.5 

7.0 0.0091 
400 0.32 

1 0.83 
20 

48 0.073 
0.036 

10,000 
1000 

0.20 0.0045 
95 0.038 

600 540 0.043 
3.0 0.032 

0.63 
3.6 0.077 
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_-

HAP 	 Zhronic Chronic 
roxicity Toxicity 
Tier 1 Tier2 

Heptachlor 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyelopentadiene 
Hexachloroethane 
Hexane 
Hydrazine 
Hydrochloric acid 
Hydrofluoric acid 
Hydroquinone 
Lead compounds 
Lindane 
Maleic anhydride 
Manganese compounds 
Methyl ethyl ketone 
Mercury compounds 
Methanol 
Methoxychlor 
Methyl bromide 
Methyl chloride 
Methyl chloroform 
Methyl hydrazine 
Methyl iodide 
Methyl isobutyl ketone 
Methyl isocyanate 
Methyl methacrylate 
Methyl tert-butyl ether 

2.1 

I. I  0.00077.I 0.0022 
1 

9t 0.045 
0.0 0.02 

8r 0.25 
200 

0.24 0.0002 
20 

5.' 1.6 

1.. 0.013 
1.' 0.0026 
2.s 

0.05 
1000 

62 

5 
0.56 

32 
0.94 0.0032 

10 

0.36 4.7 
980 

3000 6 
Methylene bis(2-chloroaniiine) 0.01 1 
Methylene chloride 3000 2.1 
Methylene diphenyl diisocyanate 
Methylenedianiline(4,4') 

0.02 
1.9 0.0022 

N,N-diethyYdimethylaniline 
Naphthalene 
Nickel compounds 

14 
0.24 0.0042 

Nitrobenzene 1.7 
nitrophenol(4) 
nitropropane(2) 20 
o-toluidine . I  . 0.181 



.-

HAP 

Tier 1 Tier2 
p-dichlorobenzene 

p-phen ylenediamine 

Parathion 

PCDDPCDFs 

Pentachloronitrobenzene 

Pentachlorophenol 

Phenol 

Phosgene 

Phthalic anhydride 

Polychlorinated biphenyls 

Polycyclic organic matter 

Propionaldehyde 

Propoxur 

Propylene dichloride 

Propylene oxide 

Propylenimine( 1,2) . 


Quinoline 

Quinone 

Selenium compounds 

Styrene 

Styrene oxide 

Tetrachloroethane( 1,1,2,2) 

Tetrachloroethylene 

Toluene 

Toluene diamine(2,4) 

Toluene diisocyanate(2,4) 

Trichlorobenzene( 1,2,4) 

Trichloroethane(l,l,2) 

Trichloroethylene 

Trichlorophenol(2,4,6) 

Trifluralin 

Trimethylpentane(2,2,4) 

Vinyl acetate 

Vinyl bromide 

Vinyl chloride 

Vinylidene chloride 

Xylene 


2 
. 3.00E-08 

. 0.014 

. 0.033 

0.8 


0.0020 

0.91 
. 0.053 

0.27 
. 0.00015 
. 0.0002s 

. 0.022 
0.017 

1.7 

. 0.0011 
7 - 0.091 

0.063 

0.59 

0.32 

0.45 

0.03 1 
0.012 
0.02 
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Introduction 

EPA used the CEP urban chapter (Appendix B) as one of three analyses to identify HAPs 
for listing under section 1 I2(k). All HAPs whose estimated ambient concentrationsexceeded 
risk-based concentrations (RBCs; termed “health benchmarks”) in 50 or more of 28,314 urban 
census tracts were tagged for consideration as section 1 12(k) HAPS.These results were 
combined with those from two other analyses of urban HAPS, so this “tag” represented about 
one-third of the final selection process. 

Following the September 1998 urban air toxics strategy proposal, EPA received 
substantive comments on our use of the CEP in selecting HAPS. First, commentors expressed 
concern about our inclusion of background in our estimates of ambient concentrations. These 
commentors believed it was both unfair and counterproductiveto consider background levels 
(caused by natural sources or distant emissions) to select HAPSand source categories for 
regulation, because background represents emissions that section 112@) may lack the authority 
to regulate. This could hypothetically result in punishing industries that emit high-background 
HAPs with an additional regulatory burden, and lead to regulating emissions that contribute little 
to overall risk. The CEP analysis estimated that background concentrations for some HAPSwere 
already above RBCs, even in the absence of local emissions, leading directly to an automatic 
CEP “tag” for consideration as an urban HAP. Although the CEP results represented only one-
third of the total urban HAP selection process, this use of background concentrations may have 
influenced the proposed list. 

Second, commentors noted that the background concentration used for one HAP, DEW, 
was incorrect. EPA confirmed this, and determined that ambient concentrations should be 
adjusted for DEW, independent of the first issue. 

Third, commentors pointed out that some RBCs used as benchmarks in the CEP urban 
chapter (which wasdeveloped from work submitted for publication in early 1998) were no 
longer current, and that some others were not consistent with those used by the OAQPS staff 
ranking analysis. Although there were few significant discrepanciesbetween the RBCs used by 
OAQPS and the CEP authors, EPA agreed that some potential existed for the overall 112(k) 
HAP list to be affected by them. 

We addressed all three comments by recalculating the CEP results (percentages of census 
tracts estimated to exceed RBCs) for specific HAPS, using consistent RBCs and omitting 
background concentrations. 

Methods 

Only the 42 HAPSfor which EPA has publicly-reviewed inventories were considered for 
recalculation, because EPA does not intend to propose any other HAPSfor listing under section 
112(k). Of these 42 HAPS,we selected all that were originally assigned either (I)  a background 
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concentration, or ( 2 )  an RBC different from the one used in the most recent EPA risk-related 
ranking analysis (described in Section 2.3 of the Technical Support Document). These criteria 
produced a list of 23 HAPs (Table C-1) to be recalculated. Of these, 1I HAPs had background 
concentrations, 8 of which already exceeded the RBC. Twenty-one W s  had at Ieast one 
updated RBC, although only 3 carcinogen RBCs and 13 non-carcinogen RBCs had changed 
more than twofold. 

RBCs used in the recalculations were the same as those used for Case 1 of the chronic 
inhalation indexes used in the risk-related ranking analysis. Ambient concentrations for the 23 
HAPs selected for recalculation were modeled for each urban census tract using the most recent 
version of ASPEN, using the same input assumptions and emission data used for the original 
CEP modeiing. As in Appendix �3, urban census tracts were defined as tracts having a 
population density greater than 750 peoplekm2. The number of urban census tracts that were 
recalculated was 28,272, slightly lower than the 28,3 14 tracts reported in Appendix B for the 
original CEP calculations. The modeling conditions were otherwise not altered, arid their 
description in Appendix B remains current. All ratios of modeled concentrations to RBCs were 
recalculated, and urban census tracts having a ratio greater than one were recounted for each of 
the 23 HAPS. 

Results and Discussion 

Table C-2 compares the original CEP urban chapter results with the recalculated results 
for each of the 23 HAPs, in terns of percentages of census tracts estimated to exceed the RBC. 
HAPs that exceeded RBCs in 50 or more census tracts (0.177%) were given the CEP "tag" for 
potential concern. 

Three substances (MDI, DEHP, and methyl chloride) that were originally estimated to 
exceed fi8Cs in 50 or more census tracts no longer met this criterion. The changed status of 
MDI resulted from an updated RBC;the other two were influenced primarily by the removal of 
background concentrations. These three substances have been removed from the list of CEP
recommended urban HAPs. The recalcufated results also predicted that beryllium concentrations 
would exceed its RBC in 445 census tracts. Beryllium has been added to the list of CEP
recommended urban HAPS. 

c-3 169 




--- 

Table C- 1. Estimated background concentrations and risk-based concentrations (RBCs) used in 
original CEP calculations presented in Appendix B, compared with revised RBCs used for 
recalculation. 

Original Cancer Benchmarks Non-Cancer Benchmarks 

Cone. (@dm3) CEP W C  RBC CEPRBC RBC 
(~glm3) ~ m 3 )  ~ m 3 1  ~ m 3 )  

Arsenic and compounds 0.00023 0.00023 0.5 0.03 

Benzene 0.4800 0.12 0.13 71 60 

Beryllium and compounds 0.00042 0.00042 0.0048 0.02 

Bis(2-ethylhexyI)phthalatc (DEHP) 1.6000 0.25 0.42 71 10 

Cadmium and compounds 0.00056 0.00056 3.5 0.01 

Carbon tetrachloride 0.8800 0.067 0.067 2.4 40 

PoI I utant: Background ' Original Revised Original Revised 

Chloroform 0.0830 0.043 0.043 35 98 
~~ 

Diox idfws  1SE-08 3.OE-08 3.OE-08 

Ethyl acrylate 0.073 0.071 48 
~~ 

Ethylene oxide 0.043 0.01 600 5 

Ethylene dichloride 0.06 10 0.038 0.038 95 810 

Ethylene dibromide 0.0077 0.0045 0.0045 0.2 0.2 

Formaldehyde 0.2500 0.077 0.077 3.6 3.7 

Hydrazine 0.0002 0.0002 0.24 0.2 

Lead 0.013 0.083 1.5 1.5 

Methyl chloride 1.2000 0.56 0.56 100 
~

4,4'-Methylenediphcnyldiisocyanate 0.02 0.6 

Nickel 0.0042 0.0042 0.24 0.20 

Tetrachlowthy lene (PCE) 0.I400 1.7 0.17 35 270 

Trichloroethylene (TCE) 0.08IO 0.59 0.50 640 600 

Vinyl chloride 0.012 0.012 26 5 

Vinylidene chloride 1 I 0.02 I 0.02 I 32 I 20 
-~ 

Xylenes 300 430 I 
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Table C-2. Comparison of original CEP results (described in Appendix B) with recalculated results 
based on revised-risk-based concentrations (RBCs), with background removed. (Background 
concentrations were also removed for the original results in this table.) HAPS for which modeled 
concentrations exceeded their RBC in 50 or more urban census tracts (0.177% of 28,272 total urban 
census tracts) were deemed to pose a potential health risk. 

HAP 

Arsenic and compounds 

Benzene 

Beryllium and compounds 

Bis(2-ethylhexyl)phthalate (DEHP) 

Vinyl chloride 

Vinylidene chloride 

Xylenes 


Original CEP 

Results (from Recalculated 

Appendix 3)  CEP Results 


77% 95.5% 

100% 99.9% 

<O.t% 1.57% 

100% 0.000707% 

53% 52.6% 

a.
1Yo 0.0778% 

<O.I % OYO 
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